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SUMMARY 
The p u r p o s e of t h i s r e s e a r c h was t o s t u d y t h e s y n t h e s e s and p o s s i b l e 
r e a r r a n g e m e n t s o f some o r g a n o a l k a l i compounds u s i n g l i t h i u m m e t a l o r ces ium 
a l l o y s a s t h e s o u r c e o f t h e a l k a l i m e t a l c a t i o n . 
I n t h e f i r s t p a r t o f t h i s r e s e a r c h , t h e s y n t h e s e s o f s i m p l e a l k y l 
a n i o n s were i n v e s t i g a t e d u n d e r v a r i o u s c o n d i t i o n s v i a t h e r e a c t i o n of a 
s i m p l e a l k y l h a l i d e o r a d i a l k y l m e r c u r y compound w i t h a b i n a r y c e s i u m -
p o t a s s i u m a l l o y (m .p . -kl° ) c o n s i s t i n g o f 22 p e r c e n t of ces ium and 78 p e r ­
c e n t p o t a s s i u m (by w e i g h t ) o r a t e r n a r y a l l o y ( m . p . - 7 9 . 2 ° ) c o n s i s t i n g of 
73 p e r c e n t c e s ium, 2k p e r c e n t p o t a s s i u m , and 3 p e r c e n t sod ium. The p r o d u c t s 
from t h e s e r e a c t i o n s were r e a c t e d w i t h s o l i d c a r b o n d i o x i d e t o c o n v e r t t h e 
o r g a n o a l k a l i compounds t o c a r b o x y l i c a c i d s . These a c i d s were t h e n c o n v e r t e d 
t o t h e c o r r e s p o n d i n g m e t h y l e s t e r s by r e a c t i n g w i t h d i a z o m e t h a n e and t h e 
e s t e r s a n a l y z e d by q u a n t i t a t i v e v a p o r - p h a s e c h r o m a t o g r a p h y . Some of t h e 
h y d r o c a r b o n s which accompanied t h e a c i d s were a n a l y z e d by t h e same t e c h n i q u e . 
The r e a c t i o n o f 1 - c h l o r o b u t a n e w i t h t h e b i n a r y ces ium a l l o y f o r a 
s h o r t t i m e (from t h r e e t o 20 m i n u t e s ) i n t e t r a h y d r o f u r a n o r d i e t h y l e t h e r 
a t -36 t o -^3° gave 0 . 6 t o 5 ' 5 p e r c e n t o f b u t y l a n i o n a s d e m o n s t r a t e d by 
t h e i s o l a t i o n o f v a l e r i c a c i d . I n o r d e r t o t e s t t h e e f f e c t o f t e m p e r a t u r e , 
t h e t e r n a r y ces ium a l l o y was r e a c t e d w i t h 1 - c h l o r o b u t a n e i n t e t r a h y d r o f u r a n 
o r d i e t h y l e t h e r a t t e m p e r a t u r e s from -73 t o -95° f o r t i m e i n t e r v a l s from 
two t o 15 m i n u t e s . The y i e l d s of b u t y l a n i o n r a n g e d from 0 . 4 t o 1 9 . 0 p e r ­
c e n t w i t h t h e maximum y i e l d of 19 p e r c e n t i n d i e t h y l e t h e r . The same r e a c ­
t i o n i n d i m e t h y l e t h e r , o v e r t h e t e m p e r a t u r e r a n g e c a . -60 t o -107° gave 
X 
from 0 . 2 t o 1 3 - 3 p e r c e n t y i e l d o f "butyl a n i o n . The y i e l d o f b u t y l a n i o n 
was found t o d e c r e a s e w i t h i n c r e a s i n g r e a c t i o n t i m e . 
The r e a c t i o n of 1 - c h l o r o h e p t a n e w i t h t h e t e r n a r y ces ium a l l o y i n 
t e t r a h y d r o f u r a n a t -65° i n 17 m i n u t e s f o l l o w e d by c a r b o n a t i o n gave 1.5 
p e r c e n t of o c t a n o i c a c i d , 2b p e r c e n t h e p t a n e , lb p e r c e n t of 1 - h e p t e n e , 
and 29 p e r c e n t u n r e a c t e d c h l o r i d e . A s i m i l a r r e a c t i o n i n t r i m e t h y l a m i n e 
gave 7*5 p e r c e n t o f o c t a n o i c a c i d , 1.8 p e r c e n t h e p t a n e , 0 . 5 p e r c e n t 1 -
h e p t e n e , 5*0 p e r c e n t o c t a n e , and 0 . 6 p e r c e n t u n r e a c t e d c h l o r i d e . The low 
y i e l d s of p r o d u c t s were p r e s u m a b l y due t o s o l v e n t d i s t i l l a t i o n o f t h e 
h y d r o c a r b o n p r o d u c t s . 
I n v iew of t h e f a c t t h a t u n d e r b a s i c c o n d i t i o n s a p r i m a r y a l k y l 
h a l i d e u n d e r g o e s d e h y d r o h a l o g e n a t i o n t o g i v e an o l e f i n w h i c h , i n t u r n , 
may r e a c t w i t h t h e e x c e s s a l k a l i m e t a l o r w i t h c a r b a n i o n t o g i v e u n d e -
s i r e d s i d e p r o d u c t s , a b e t t e r s t a r t i n g m a t e r i a l was d e s i r a b l e . The c h o i c e 
f o r t h i s p u r p o s e was d i - n - b u t y l m e r c u r y . The c l e a v a g e o f d i - n - b u t y l m e r c u r y 
w i t h t h e t e r n a r y ces ium a l l o y f o r one h o u r i n t e t r a h y d r o f u r a n a t -67° gave 
up t o 3^- p e r c e n t y i e l d of b u t y l a n i o n . When t h i s c l e a v a g e r e a c t i o n was 
c a r r i e d o u t i n d i e t h y l e t h e r a t - 7 0 ° , a 37 p e r c e n t y i e l d of b u t y l a n i o n 
was o b t a i n e d i n 15 m i n u t e s and t h e y i e l d d e c r e a s e d t o 1 1 . 0 p e r c e n t a f t e r 
an a d d i t i o n a l 30 m i n u t e s of r e a c t i o n ; i n t h e meant ime t h e y i e l d of t h e u n ­
r e a c t e d d i - n - b u t y l m e r c u r y r e c o v e r e d was found t o d e c r e a s e from bb p e r c e n t 
t o 2 . 2 p e r c e n t . The same r e a c t i o n was r e p e a t e d i n d i m e t h y l e t h e r a t -70° 
and t h e d e s i r e d c a r b a n i o n was o b t a i n e d i n o n l y 0 . 2 5 p e r c e n t y i e l d a f t e r 
15 m i n u t e s o f r e a c t i o n . The y i e l d changed s l i g h t l y ( t o 0 . 2 0 p e r c e n t ) a f t e r 
an a d d i t i o n a l 30 m i n u t e s o f r e a c t i o n . An a t t e m p t was made t o t e s t t h e 
s o l u b i l i t y o f b u t y l a n i o n by nmr s p e c t r o s c o p i c a n a l y s i s o f a r e a c t i o n 
x i 
s o l u t i o n from t h e c l e a v a g e o f d i - n - b u t y l m e r c u r y i n d i e t h y l e t h e r a t b o t h 
Dry I c e - a c e t o n e and l i q u i d n i t r o g e n t e m p e r a t u r e s . T h i s e x p e r i m e n t f a i l e d 
t o show any a b s o r p t i o n u p f i e l d from t e t r a m e t h y l s i l a n e . Thus , i t i s c o n ­
c l u d e d t h a t s i m p l e p r i m a r y c a r b a n i o n s a r e s h o r t - l i v e d ( t h e h a l f l i f e of 
b u t y l a n i o n i n THF i s a b o u t e i g h t m i n u t e s a t - 7 0 ° ) and a p p a r e n t l y n o t v e r y 
s o l u b l e i n d i e t h y l e t h e r . 
I n t h e s econd p a r t o f t h i s r e s e a r c h , l - c h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o -
pane ( n e o p h y l c h l o r i d e ) was r e a c t e d w i t h v a r i o u s a l k a l i m e t a l s and t h e 
p r o d u c t s were c a r b o n a t e d . Both t h e a c i d i c and n e u t r a l p r o d u c t s were a n a ­
l y z e d by v a p o r - p h a s e c h r o m a t o g r a p h y and some of t h e n e u t r a l p r o d u c t s were 
a l s o a n a l y z e d by n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o s c o p y . The r e a c t i o n of 
l - c h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e w i t h l i t h i u m i n t e t r a h y d r o f u r a n a t -65° 
f o r f o u r h o u r s f o l l o w e d by c a r b o n a t i o n gave 7 1 p e r c e n t of 3 - m e t h y l - 3 -
p h e n y l b u t a n o i c a c i d , 3*3 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d , 6.h 
p e r c e n t t - b u t y l b e n z e n e , 2 . 9 p e r c e n t i - b u t y l b e n z e n e , and 13 p e r c e n t of u n -
r e a c t e d n e o p h y l c h l o r i d e . Both i - b u t y l b e n z e n e and 2 , 2 - d i m e t h y l - 3 - p h e n y l -
p r o p a n o i c a c i d r e s u l t from t h e r e a r r a n g e d o r g a n o l i t h i u m compound, 1 , 1 -
d i m e t h y l - 2 - p h e n y l e t h y l l i t h i u m , t h e p r o d u c t of a 1 , 2 - s h i f t of t h e p h e n y l 
g r o u p i n some p h a s e o f t h e r e a c t i o n . The a v e r a g e p r o p o r t i o n of 2 , 2 - d i m e t h y l -
3 - p h e n y l p r o p a n o i c a c i d i n t h e m i x t u r e o f a c i d s from f i v e s i m i l a r r u n s was 
5 . 3 ± 0 . 5 p e r c e n t . The p r o p o r t i o n of t h i s a c i d of r e a r r a n g e d s t r u c t u r e 
was found t o d e c r e a s e from 6.k p e r c e n t d u r i n g p r e p a r a t i o n a t -60° t o 5*5 
p e r c e n t a f t e r f o u r h o u r s a t -70° and t o 3*9 p e r c e n t a f t e r an a d d i t i o n a l 
f o u r h o u r s a t - 7 0 ° . An i n c r e a s e i n r e a c t i o n t e m p e r a t u r e from -65° t o -k0° 
f o r two h o u r s d e c r e a s e d t h e p r o p o r t i o n o f 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c 
a c i d a s i m i l a r amount b u t had l i t t l e e f f e c t on t h e y i e l d of 3 - m e t h y l - 3 -
x i i 
p h e n y l b u t a n o i c a c i d . An i n c r e a s e i n t e m p e r a t u r e t o k° f o r f o u r h o u r s r e ­
s u l t e d i n a n e g l i g i b l e y i e l d o f 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d and a 
g r e a t l y r e d u c e d y i e l d o f 3 - m e t h y l - 3 - p h e n y l p u t a n o i c a c i d w i t h a p p r o x i m a t e l y 
c o r r e s p o n d i n g i n c r e a s e s i n y i e l d s o f t - b u t y l b e n z e n e and i - b u t y l b e n z e n e , 
r e s p e c t i v e l y . Thus , t h e d a t a i n d i c a t e t h a t t h e r e a r r a n g e d o r g a n o l i t h i u m 
compound i s formed a l o n g w i t h t h e e x p e c t e d n e o p h y l l i t h i u m d u r i n g t h e r e a c ­
t i o n of n e o p h y l c h l o r i d e w i t h l i t h i u m . The r e s u l t s a r e e x p l a i n e d on t h e 
b a s i s t h a t n e o p h y l c h l o r i d e r e a c t s w i t h l i t h i u m m e t a l by a o n e - e l e c t r o n 
t r a n s f e r p r o c e s s t o g i v e n e o p h y l r a d i c a l which i n p a r t i s f r e e enough from 
t h e m e t a l t o u n d e r g o a 1 , 2 - m i g r a t i o n of p h e n y l ; r e d u c t i o n o f t h e r a d i c a l s 
w i t h l i t h i u m t h e n g i v e s t h e o b s e r v e d o r g a n o l i t h i u m p r o d u c t s . 
N e o p h y l l i t h i u m p r e p a r e d i n t e t r a h y d r o f u r a n a t -65° h a s been found t o 
be m o d e r a t e l y s t a b l e p h o t o c h e m i c a l l y . The i r r a d i a t i o n of a n e o p h y l l i t h i u m 
s o l u t i o n ( p r e p a r e d i n 86 p e r c e n t y i e l d i n t e t r a h y d r o f u r a n ) w i t h a ^50 w a t t 
Hanovia lamp a t -7^-° f o r 131*? h o u r s f o l l o w e d by c a r b o n a t i o n r e s u l t e d i n a 
s l i g h t d e c r e a s e i n y i e l d s o f a c i d i c p r o d u c t . The c o m p o s i t i o n of t h e a c i d i c 
m a t e r i a l (97 p e r c e n t u n r e a r r a n g e d and 3 p e r c e n t r e a r r a n g e d ) from t h e p h o t o ­
c h e m i c a l r e a c t i o n was e s s e n t i a l l y i d e n t i c a l w i t h t h a t o f t h e a c i d i c m a t e r i a l 
( 9 6 . 5 p e r c e n t u n r e a r r a n g e d and 3»5 p e r c e n t r e a r r a n g e d ) from a s i m i l a r p r o ­
c e d u r e w i t h o u t i r r a d i a t i o n . 
The p r e s e n c e o f a l a r g e e x c e s s o f N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e 
(TMEDA) i n t h e s o l u t i o n o f n e o p h y l l i t h i u m i n t e t r a h y d r o f u r a n a t -20° r e ­
s u l t e d i n a d e c r e a s e i n y i e l d o f b o t h t h e r e a r r a n g e d and u n r e a r r a n g e d a c i d s . 
A t t e m p t s t o p romote t h e r e a r r a n g e m e n t o f n e o p h y l l i t h i u m by a l k y l h a l i d e s 
and i o d i n e have p r o d u c e d some h i g h e r m o l e c u l a r w e i g h t compounds i n p l a c e o f 
t h e d e s i r e d p r o d u c t s . 
x i i i 
The c l e a v a g e o f n e o p h y l l i t h i u m w i t h t h e t e r n a r y ces ium a l l o y i n 
t e t r a h y d r o f u r a n a t -65° g a v e , a f t e r c a r b o n a t i o n , 80 p e r c e n t o f a c r u d e 
a c i d i c p r o d u c t which c o n t a i n e d 8 l p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d , 
5 . 0 p e r c e n t 2 , 2 - d i m e t h y l 3 - p h e n y l p r o p a n o i c a c i d , and t h r e e u n i d e n t i f i e d 
compounds i n t h e v o l a t i l e f r a c t i o n . When t h e same c l e a v a g e r e a c t i o n was 
c a r r i e d o u t a t -10° t h e y i e l d s of b o t h t h e r e a r r a n g e d and u n r e a r r a n g e d a c i d s 
were found t o d e c r e a s e and t h e y i e l d s of t h e c o r r e s p o n d i n g h y d r o c a r b o n s , 
t - b u t y l b e n z e n e and i - b u t y l b e n z e n e , were found t o d o u b l e t h o s e o b t a i n e d a t 
- 6 5 ° . 
The r e a c t i o n of n e o p h y l c h l o r i d e w i t h p o t a s s i u m i n r e f l u x i n g t e t r a ­
h y d r o f u r a n , f o l l o w e d by c a r b o n a t i o n , gave o n l y 6 . 7 p e r c e n t of a c i d i c p r o d ­
u c t s which c o n t a i n e d t h r e e no rma l m o l e c u l a r w e i g h t a c i d s i n an o v e r a l l y i e l d 
o f 0 . 5 3 p e r c e n t . None of t h e s e a c i d s was i d e n t i f i e d a s 3 - m e t h y l - 3 - p h e n y l -
b u t a n o i c , 2 - m e t h y l - 2 - p h e n y l b u t a n o i c , 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i e , o - , 
m-, o r p - t - b u t y l b e n z o i c a c i d . From t h e n e u t r a l m a t e r i a l was o b t a i n e d 6b 
p e r c e n t of t - b u t y l b e n z e n e and 6 . 2 p e r c e n t o f i - b u t y l b e n z e n e . 
The r e a c t i o n o f n e o p h y l c h l o r i d e w i t h t h e b i n a r y ces ium a l l o y ( a t 
-b0° and - 6 0 ° ) and w i t h t h e t e r n a r y ces ium a l l o y ( a t - 6 5 ° ) i n t e t r a h y d r o ­
f u r a n , f o l l o w e d by c a r b o n a t i o n , gave up t o 3 p e r c e n t ( b a s e d on t h e h a l i d e 
u s e d ) o f 2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d among o t h e r s . T h i s a c i d r e s u l t s 
from t h e c a r b a n i o n c o r r e s p o n d i n g t o m e t h y l m i g r a t i o n and has n o t been o b ­
s e r v e d i n t h e l i t h i u m r e a c t i o n . When t h e r e a c t i o n was c a r r i e d o u t i n d i ­
e t h y l e t h e r , 3 ~ m e t h y l - 3 - p h e n y l b u t a n o i c a c i d o b t a i n e d i n 0 . 8 6 p e r c e n t y i e l d 
( b a s e d on t h e h a l i d e u s e d ) c o n s t i t u t e d b3 p e r c e n t o f t h e t o t a l v o l a t i l e 
a c i d i c p r o d u c t s . 2 - M e t h y l - 2 - p h e n y l b u t a n o i c a c i d t u r n e d o u t t o be a minor 
p r o d u c t ( c o n s t i t u t e d 0 . 9 1 p e r c e n t of t h e v o l a t i l e a c i d i c m i x t u r e ) . 
x i v 
I n t h e t h i r d p a r t of t h i s r e s e a r c h , b o t h 1 - c h l o r o - 2 - p - b i p h e n y l e t h a n e 
and l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , 1-d^ were r e a c t e d w i t h a l k a l i m e t a l s 
and t h e p r o d u c t s were c a r b o n a t e d . The t e c h n i q u e s which were u s e d i n t h e 
s e c o n d p a r t of t h i s r e s e a r c h were a l s o u s e d h e r e f o r p r o d u c t a n a l y s e s . 
I n a s i n g l e r u n , t h e r e a c t i o n of l - c h l o r o - 2 - p h e n y l e t h a n e w i t h l i t h i u m 
i n t e t r a h y d r o f u r a n has been found t o g i v e , a f t e r c a r b o n a t i o n , 69 p e r c e n t 
o f 3 - p h e n y l p r o p a n o i c a c i d . The r e a c t i o n o f 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e -
1,l-cLg w i t h l i t h i u m i n t e t r a h y d r o f u r a n a t -70° gave up t o 69 p e r c e n t y i e l d 
of 2 - p - b i p h e n y l y l e t h y l l i t h i u m - l , l - d ^ c o n t a i n i n g l e s s t h a n 10 p e r c e n t of t h e 
r e a r r a n g e d compound 2 - p - b i p h e n y l y l e t h y l l i t h i u m - 2 , 2 - d 2 < > The 2 - p - b i p h e n y l y l -
e t h y l l i t h i u m - l , l - d ^ h a s b e e n found t o be f a i r l y s t a b l e a t 0° f o r t h r e e 
h o u r s , where t h e a c i d i c p r o d u c t o b t a i n e d i n k6 p e r c e n t y i e l d was found t o 
be p r e d o m i n a n t l y t h e u n r e a r r a n g e d a c i d , 3 - p - h i p h e n y l y l p r o p a n o i c ac id -2 ,2 -d ,_ , , 
c o n t a m i n a t e d by l e s s t h a n 10 p e r c e n t o f t h e a c i d o f r e a r r a n g e d s t r u c t u r e , 
3 - p - b i p h e n y l y l p r o p a n o i c ac id -3 ,3 -d ,~ , . When t h e r e a c t i o n was p r o l o n g e d t o 
n i n e h o u r s o r l o n g e r a t 0 ° , o n l y 17 p e r c e n t of t h e o r g a n o l i t h i u m compound 
s u r v i v e d and t h e a c i d i c p r o d u c t r e s u l t i n g from t h e c a r b o n a t i o n was found 
t o be m a i n l y t h e u n r e a r r a n g e d compound; l e s s t h a n 2 p e r c e n t of r e a r r a n g e d 
a c i d was d e t e c t e d . The n e u t r a l p r o d u c t from t h e s e e x p e r i m e n t s was found t o 
y i e l d 50 p e r c e n t ( b a s e d on t h e h a l i d e u s e d ) o f p - b i p h e n y l y l e t h a n e - d ^ which 
c o n t a i n e d m a i n l y p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ w i t h a s m a l l amount ( c a . 6 p e r ­
c e n t ) of p - b i p h e n y l y l e t h a n e - l , l - d 2 . Thus 2 - p - b i p h e n y l y l e t h y l l i t h i u m p r e ­
p a r e d a t -70° u n d e r g o e s l i t t l e r e a r r a n g e m e n t i f any and i t i s m o d e r a t e l y 
s t a b l e even a t 0 ° ; t h e r e i s a l s o no s i g n i f i c a n t r e a r r a n g e m e n t a t t h e h i g h e r 
t e m p e r a t u r e . 
l - C h l . o r o - 2 - p - b i p h e n y l y l e t h a n e - l , 1-d , however , h a s b e e n found t o 
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r e a c t w i t h Cs-K-Na a l l o y i n t e t r a h y d r o f u r a n a t - 6 5 0 t o g i v e 25 p e r c e n t of 
p - b i p h e n y l y l e t h a n e - d ^ c o n t a i n i n g 78 p e r c e n t of p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ 
and 22 p e r c e n t of p_-b i p h e n y l y l e t h a n e - 1 , l - d 2 . The r e a c t i o n of l - c h l o r o - 2 -
p - b i p h e n y l y l e t h a n e - 1 , l - d ^ w i t h ces ium a t r e f l u x i n g t e t r a h y d r o f u r a n ha s b e e n 
found t o g i v e 19 p e r c e n t of p - b i p h e n y l y l e t h a n e - d ^ c o n t a i n i n g kQ p e r c e n t of 
p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ and 52 p e r c e n t of p - b i p h e n y l y l e t h a n e - 1 , 1 - d ^ • When 
t h e same c h l o r i d e was r e a c t e d w i t h p o t a s s i u m a t r e f l u x i n g t e t r a h y d r o f u r a n , 
p - b i p h e n y l y l e t h a n e - d 2 o b t a i n e d i n c a . 25 p e r c e n t y i e l d was found t o c o n ­
t a i n 47 p e r c e n t of p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ and 53 p e r c e n t o f p - b i p h e n y l y l ­
e t h a n e - 1 , l - d ^ • Thus , 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - 1 , l - d ^ r e a c t s w i t h 
e i t h e r ce s ium o r p o t a s s i u m a t t h e b o i l i n g p o i n t of t e t r a h y d r o f u r a n t o g i v e 
a c o m p l e t e r e a r r a n g e m e n t o f t h e c a r b a n i o n i n i t i a l l y formed; t h e r e a c t i o n 
w i t h t h e t e r n a r y ce s ium a l l o y a t -65° g i v e s some r e a r r a n g e m e n t which i s 
i n c o m p l e t e b u t more t h a n t h a t o b t a i n e d i n t h e c o r r e s p o n d i n g o r g a n o l i t h i u m 
i 
r e a c t i o n . 
l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , l - d 2 r e a c t e d w i t h p o t a s s i u m i n t h e 
p r e s e n c e of t-BuOD i n r e f l u x i n g t e t r a h y d r o f u r a n t o g i v e a m i x t u r e c o n t a i n ­
i n g 39 p e r c e n t s a t u r a t e d h y d r o c a r b o n s , 53 p e r c e n t p - b i p h e n y l y l e t h e n e - 2 , 2 - d ^ , 
t o g e t h e r w i t h some 8 p e r c e n t of an u n i d e n t i f i e d compound. The s a t u r a t e d 
h y d r o c a r b o n s c o n s i s t e d of 50 p e r c e n t d^, 16 p e r c e n t dg , 29 p e r c e n t d^, k 
p e r c e n t d,_, and 1 p e r c e n t d^ compounds. The d^ f r a c t i o n was found t o be 
m a i n l y (> 90 p e r c e n t ) u n r e a r r a n g e d p_-b i p h e n y l y l e t h a n e - 2 , 2 , 2 - d ^ which r e ­
s u l t e d p r e d o m i n a n t l y from t h e r e a c t i o n of t h e i n i t i a l l y formed 2 - p -
b i p h e n y l y l e t h y l - l , l - d 2 a n i o n w i t h t-BuOD. T h i s o b s e r v a t i o n s e r v e s t o s u p ­
p o r t t h e c o n c l u s i o n t h a t r e a r r a n g e m e n t o c c u r s i n t h e 2 - p - b i p h e n y l y l e t h y l -
l , l - d p a n i o n . T h i s a n i o n g e n e r a t e d from t h e r e a c t i o n o f t h e c o r r e s p o n d i n g 
x v i 
c h l o r i d e w i t h b o t h p o t a s s i u m and ces ium i n r e f l u x i n g t e t r a h y d r o f u r a n ( i n 
t h e a b s e n c e o f t-BuOH) u n d e r g o e s r e a r r a n g e m e n t a p p a r e n t l y t h r o u g h a 
b r i d g e d t r a n s i t i o n s t a t e t o g i v e an e q u i l i b r i u m m i x t u r e of b o t h r e a r r a n g e d 
and u n r e a r r a n g e d c a r b a n i o n s . These c a r b a n i o n s were p r o t o n a t e d r e a d i l y by 
t h e s o l v e n t y i e l d i n g t h e c o r r e s p o n d i n g h y d r o c a r b o n s . 
I t i s c o n c l u d e d t h a t t h e s m a l l amount o f r e a r r a n g e m e n t o b s e r v e d i n 
t h e p r e p a r a t i o n o f 2 - p _ - b i p h e n y l y l e t h y l l i t h i u m - l , l - d ^ a p p a r e n t l y r e s u l t s 
from t h e f r e e r a d i c a l p r o c e s s a s has b e e n found i n t h e s e c o n d p a r t of t h i s 
work . However, t h e r e a c t i o n of t h e same h a l i d e w i t h ces ium o r p o t a s s i u m 
u n d e r g o e s a r e a r r a n g e m e n t p r e d o m i n a n t l y by a c a r b a n i o n p r o c e s s . 
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CHAPTER I 
INTRODUCTION 
The p u r p o s e of t h i s r e s e a r c h was t o s t u d y t h e s y n t h e s e s and p o s s i b l e 
r e a r r a n g e m e n t s o f some o r g a n o a l k a l i compounds. 
Whi le some o r g a n o l i t h i u m r e a g e n t s , s u c h a s p h e n y l i t h i u m and b u t y l -
l i t h i u m , a r e c o m m e r c i a l l y a v a i l a b l e , p r i m a r y a l k y l s o d i u m compounds"1' and 
2 3 
a l k y l p o t a s s i u m compounds ' a r e d i f f i c u l t l y a v a i l a b l e and have been s t u d i e d 
o n l y i n h y d r o c a r b o n s o l v e n t s . Even t h o u g h e t h y l c e s i u m i n d i e t h y l z i n c s o l u ­
t i o n was r e p o r t e d as e a r l y a s i n 1926 by G r o s s e , ^ p r i m a r y o r g a n o c e s i u m 
compounds a s a g roup have n o t been w i d e l y e x p l o r e d . 
The most common method f o r t h e s y n t h e s i s o f o r g a n o a l k a l i compounds 
i s t h e r e a c t i o n o f a l k y l h a l i d e s o r a l k y L m e r c u r y w i t h a l k a l i m e t a l s . ^ 
M o r t o n ' s sodium sand m e t h o d 1 and a s i m i l a r method u s i n g p o t a s s i u m s a n d 
have b e e n w i d e l y employed f o r t h e s y n t h e s e s o f o rganosod ium and o r g a n o -
p o t a s s i u m compounds i n h y d r o c a r b o n m e d i a . Both sodium and p o t a s s i u m r e ­
a g e n t s have b e e n u s e d a s m e t a l a t i n g a g e n t s ^ 1 1 and p o l y m e r i z a t i o n c a t a -
(1) A. A. Mor ton , F . D. Marsh , R. D. Coombs, A. L. Lyons , S. E. 
P e n n e r , H. E . Ramsden, V. B. B a k e r , E . L. L i t t l e , and R. L. L e t s i n g e r , J . 
Am. Chem. S o c , 7 2 , 3785 ( 1 9 5 0 ) . 
(2) R. A. F i n n e g a n , T e t . L e t s . , 2 6 , 1303 ( 1 9 6 2 ) . 
(3) R« N. M e a l s , J . Org. Chem., 9 , 2 1 1 ( 1 9 4 4 ) . 
(4) V. G r o s s e , B e r . , 59 , 2646 ( 1 9 2 6 ) . 
(5 ) R. A. F i n n e g a n , T e t . L e t s . , 7 , 429 ( 1 9 6 3 ) -
(6 ) R. A. B e n k e s e r , A. E . T r e v i l l y a n , and M. Hooz, J . Am. Chem. 
S o c , 8 4 , 4971 ( 1 9 6 2 ) . 
2 
12-Ik 
l y s t s . However m e t a l a t i o n s u s i n g t h e s e r e a g e n t s have b e e n found t o 
t a k e p l a c e r a t h e r s l o w l y c o n c e i v a b l y due t o t h e low s o l u b i l i t y o f t h e s e 
r e a g e n t s i n h y d r o c a r b o n s o l v e n t s . As p o s s i b l e new m e t a l a t i n g a g e n t s , 
a l k y l c e s i u m compounds i n e t h e r e a l media seem t o be a good c h o i c e . 
The o r g a n o a l k a l i compounds p r e p a r e d from t h e r e a c t i o n s o f 2 - c h l o r o -
1 , 1 , 1 - t r i p h e n y l e t h a n e w i t h sodium, l i t h i u m , p o t a s s i u m , and s o d i u m - p o t a s s i u m 
16 
a l l o y have b e e n found t o u n d e r g o r e a r r a n g e m e n t due t o 1 , 2 - m i g r a t i o n o f a 
p h e n y l g r o u p . A 1 , 2 - s h i f t of a b i p h e n y l y l g roup h a s a l s o b e e n o b s e r v e d i n 
t h e r e a c t i o n o f 2 - c h l o r o - l - m - b i p h e n y l y l - l , 1 - b i s ( p - b i p h e n y l y l ) e t h a n e w i t h 
17 
l i t h i u m . I n t h e s e c a s e s t h e r e a r r a n g e d o r g a n o a l k a l i compounds a r e t h e r -
m o d y n a m i c a l l y more s t a b l e t h a n t h e o r i g i n a l o r g a n o a l k a l i compounds. 
Ar CCH2M 
Ar 
•> Ar 2 CCH 2 Ar 
M 
(7 
1620 (191*5 
(8 
i b i d . , 8 5 , 
( 1 9 6 7 ) . 
(19V7) . 
( 1 9 6 1 ) . 
(9 
(10 
( 1 1 
(12 
(13 
(Ik 
(15 
(16 
A. A. Mor ton , J . T. M a s s e n g a l e , and M. L. Brown, i b i d . , 6 7 , 
R. A. B e n k e s e r , J . Hooz, T. V. L i s t o n , and A. E . T r e v i l l y a n , 
398J+ ( 1 9 6 3 ) . 
C D. B r o a d d u s , J . Org. Chem., 2 9 , 2689 (196k). 
C D. Broaddus and D. L. Muck, J . Am. Chem. S o c , 8 9 , 6533 
A. A. Morton and E . J . Lanphe r , J . Org. Chem., 2 3 , 1636 (1938) 
A. A. Morton and R. L. L e t s i n g e r , J . Am. Chem. S o c , 6 9 , 172 
D. Braun and M. H e r n e r , J . Polymer S c i . , 5 1 , 52 ( 1 9 6 1 ) . 
D. Braun and W. Kern , i b i d . , 1 9 7 , ( 1 9 6 5 ) . 
E . G r o v e n s t e i n , J r . , J . Am. Chem. S o c , 7 9 , U985 ( 1 9 5 8 ) . 
E . G r o v e n s t e i n , J r . and L. P . W i l l i a m s , J r . , i b i d . , 8 3 , *+12 
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1 - C h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e ( n e o p h y l c h l o r i d e ) , which 
c o n t a i n s b o t h m e t h y l and p h e n y l g r o u p s a t 3 - c a r b o n , i s a good model f o r 
t h e s t u d y o f r e a r r a n g e m e n t s of an o r g a n o a l k a l i compound i n v o l v i n g I m ­
m i g r a t i o n . I f an o r g a n o a l k a l i compound d e r i v e d from n e o p h y l c h l o r i d e 
u n d e r g o e s c a r b a n i a n r e a r r a n g e m e n t due t o a 1 , 2 - p h e n y l - m i g r a t i o n , t h e 
p r o d u c t w i l l be a t h e r m o d y n a m i c a l l y l e s s s t a b l e t e r t i a r y c a r b a n i o n . How-
l 8 
e v e r , i f such r e a r r a n g e m e n t o c c u r s by a f r e e r a d i c a l p r o c e s s , t h e r e ­
a r r a n g e d t e r t i a r y r a d i c a l w i l l be more s t a b l e t h a n t h e s t a r t i n g p r i m a r y 
l 8 a 
r a d i c a l . On t h e c o n t r a r y , i f one of t h e m e t h y l g r o u p s m i g r a t e s , t h e 
r e a r r a n g e d c a r b a n i o n s h o u l d be t h e r m o d y n a m i c a l l y more s t a b l e t h a n t h e 
o r i g i n a l p r i m a r y c a r b a n i o n . But such a m i g r a t i o n f o r a t h e r m a l r e a c t i o n 
v i o l a t e s o r b i t a l symmetry r e q u i r e m e n t s f o r a c o n c e r t e d i n t r a m o l e c u l a r r e -
19 
a r r a n g e m e n t . N e v e r t h e l e s s t h e r e a r r a n g e m e n t migh t o c c u r by an e l i m i n a t i o n -
r e a d d i t i o n mechanism 
CH3 _ - CH„7 Ph CH 7 CH3 
PhH^-CH : ^—> C=CH °2__> ph- i -CH CH 
CH 3 CH^ L" 
o r by a p h o t o c h e m i c a l p r o c e s s . 
(17) E . G r o v e n s t e i n , J r . and G- Wentworth , i b i d . , 8 9 , 23^8 ( 1 9 6 7 ) . 
(18) W. H. Ur ry and M. S. K h a r a s c h , i b i d . , 6 6 , 1^38 {±9kk). 
(18a ) C R u c h a r d t and H. T r a u t w e i n , B e r . , 9 5 , 1197 ( 1 9 6 2 ) . 
(19) N. F . P h e l a n , H.•H. J a f f e ' , and M. O r c h i n , J . Chem. E d u c a ­
t i o n , kk, No. 1 1 , 626 ( 1 9 6 7 ) ; H. E . Zimmerman and A. Zweig , J . Am. Chem. 
S o c , B3, 1196 ( 1 9 6 1 ) . 
When W i l l i a m s s t u d i e d t h e s y n t h e s i s o f 1 - l i t h i o - 2 - m e t h y l - 2 - p h e n y l -
p r o p a n e , he was a b l e t o p r e p a r e t h e d e s i r e d o r g a n o l i t h i u m compound i n 66 
20 
p e r c e n t y i e l d . He d i d n o t r e p o r t any o r g a n o l i t h i u m compounds r e s u l t i n g 
from m e t h y l o r p h e n y l m i g r a t i o n ; however , he o b s e r v e d a s m a l l amount of 
h y d r o c a r b o n which c o u l d r e s u l t from t h e p r o t o n a t i o n of t h e r e a r r a n g e d o r ­
g a n o l i t h i u m compound. 
2 1 
Cram and D a l t o n have s t u d i e d t h e r e a c t i o n o f p o t a s s i u m w i t h 
t h r e o - 2 - p h e n y l - 3 - p e n t y l m e t h a n e s u l f o n a t e i n d i m e t h o x y e t h a n e and sodium 
w i t h t h r e o - 3 - p h e n y l - 2 - p e n t y l m e t h a n e s u l f o n a t e i n l i q u i d ammonia and t h e y 
o b t a i n e d good y i e l d s of h y d r o c a r b o n s c o n t a i n i n g m a i n l y t h e u n r e a r r a n g e d 
p r o d u c t t o g e t h e r w i t h a s m a l l amount (6 p e r c e n t f o r t h e fo rmer and 3 p e r ­
c e n t f o r t h e l a t t e r ) o f r e a r r a n g e d p r o d u c t s . They p r o p o s e d t h e f o l l o w i n g 
mechanism t o a c c o u n t f o r t h e r e a r r a n g e m e n t : 
0S0 o CH o 0S0 o CH o 0S0 oCH„ 0S0 o CH o 
I 2 3 M. I 2 3 I 2 3 M- I 3 CH0CHCHC0Hc: > CH0CHCHC0H,- CH0CHCHC0HC — CH~CHCHC0H.-31 2 5 31 2 5 3 | 2 5 3 | 2 5 
C H - C H C ^ < H B CH 0CHCHC 0H,/ CH0CHCHC0HC H B > C o H c 0HC o H I -3 | 3 7 31 2 5 3 j 2 5 2 5 | 2 5 
C 6 H 5 C 6 H 5 C 6 H 5 C 6 H 5 
(20) L. P . W i l l i a m s , J r . , Ph .D . T h e s i s , G e o r g i a I n s t i t u t e of Tech­
n o l o g y , p . 16 ( 1 9 6 2 ) . 
(21) D. J . Cram and C. K. D a l t o n , J . Am. Chem. S o c , 8 5 , 1268 
( 1 9 6 3 ) . 
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B u t , t h e r e d u c t i o n o f b o t h 1 , l - d i d e u t e r i o - 2 - ( l - n a p h t h y l ) - e t h y l m e t h a n e -
s u l f o n a t e and 1 , l - d i d e u t e r i o - l - m e t h o x y - 2 - ( l - n a p h t h y l ) - e t h a n e w i t h p o t a s s i u m 
i n d i m e t h o x y e t h a n e y i e l d e d o n l y t h e u n r e a r r a n g e d 1 - e t h y l n a p h t h a l e n e d e u -
t e r a t e d i n t h e m e t h y l g roup and t h e f o l l o w i n g mechanism was p o s t u l a t e d f o r 
t h e r e d u c t i o n o f t h e methoxy compound: 
CH„—CDp< 
C
^
C 1 0 H 7 C H 2 C D 2 0 C H 3 > (f || |] ^ QK! 1 0 H 7 CH 2 CD 2 M 
HB 
MB + 0>-C 1 0H 7CH 2CD 2H 
O r g a n o a l k a l i compounds, e s p e c i a l l y o r g a n o p o t a s s i u m compounds, a r e 
n o t o r i o u s f o r t h e i r i n s t a b i l i t y even a t room t e m p e r a t u r e , h e n c e , i t i s 
d e s i r a b l e t h a t s y n t h e s e s be a t t e m p t e d a t low t e m p e r a t u r e s i n s u i t a b l e s o l ­
v e n t s . I n t h i s work, b o t h a l i q u i d b i n a r y a l k a l i m e t a l a l l o y , which was 
22 
p r e v i o u s l y employed i n t h i s l a b o r a t o r y and a l i q u i d t e r n a n y a l k a l i m e t a l 
23 o 
a l l o y ( m . p . - 79*2° ) c o n s i s t i n g of 73 p e r c e n t ces ium, 2k p e r c e n t p o t a s s i u m , 
and 3 p e r c e n t sodium (by w e i g h t ) w i l l be u s e d t o r e a c t w i t h o r g a n i c h a l i d e s 
and o c c a s i o n a l l y o r g a n o m e r c u r y compounds. 
I n t h e f i r s t p a r t o f t h i s r e s e a r c h , t h e s y n t h e s e s of s i m p l e a l k y l 
a n i o n s were p e r f o r m e d by r e a c t i n g 1 - c h l o r o b u t a n e , 1 - c h l o r o h e p t a n e , and d i -
n - b u t y l m e r c u r y w i t h ces ium a l l o y s i n v a r i o u s s o l v e n t s a t low t e m p e r a t u r e s . 
(22) Y. M. Cheng, M.S. T h e s i s , G e o r g i a I n s t i t u t e o f Techno logy , 
p . 53 ( 1 9 6 7 ) . 
(23) F . T e p p e r , J . K ing , and J . G r e e r , "The A l k a l i M e t a l s / ' Chem. 
S o c , London, 1967 , P- 2 3 . 
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The p r o d u c t s were a l l o w e d t o r e a c t w i t h s o l i d c a r b o n d i o x i d e t o c o n v e r t 
t h e o r g a n o a l k a l i compounds t o c a r b o x y l i c a c i d s . The a c i d s were a n a l y z e d 
a s m e t h y l e s t e r s by v a p o r - p h a s e c h r o m a t o g r a p h y . The h y d r o c a r b o n p r o d u c t s 
from t h e r e a c t i o n o f 1 - c h l o r o h e p t a n e were a l s o a n a l y z e d by t h e same t e c h ­
n i q u e . 
I n t h e s e c o n d p a r t o f t h i s work , t h e s y n t h e s i s o f n e o p h y l l i t h i u m 
from t h e r e a c t i o n of n e o p h y l c h l o r i d e w i t h l i t h i u m m e t a l was r e i n v e s t i ­
g a t e d . The a c t i v a t i o n o f an o r g a n o l i t h i u m compound by complex ing w i t h a 
d i t e r t i a r y amine ha s b e e n d e m o n s t r a t e d by Lange r i n h i s s t u d i e s o f BuLi -
N,N,N' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e ( T M E D A ) c a t a l y z e d p o l y m e r i z a t i o n and 
2b 
m e t a l a t i o n . He has c o n c l u d e d t h a t s t r o n g complex b e t w e e n c h e l a t i n g 
a g e n t and l i t h i u m has c a u s e d an i n c r e a s e i n t h e i o n i c c h a r a c t e r o f t h e 
L i -C bond . The p o s s i b i l i t y of p h o t o c h e m i c a l l y and t h e r m a l l y i n d u c e d 
r e a r r a n g e m e n t was s t u d i e d . N e o p h y l l i t h i u m was a l s o a l l o w e d t o r e a c t w i t h 
ces ium a l l o y , a l k y l h a l i d e s , i o d i n e , and TMEDA i n o r d e r t o s e e w h e t h e r 
t h e r e was any enhancement i n r e a r r a n g e m e n t s . Neophyl c h l o r i d e was r e a c t e d 
w i t h ce s ium a l l o y s and p o t a s s i u m ; t h e c a r b o n a t i o n p r o d u c t s were a n a l y z e d 
by v a p o r - p h a s e c h r o m a t o g r a p h y . The h y d r o c a r b o n p r o d u c t s were a l s o a n a l y z e d 
by n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o s c o p y . 
I n t h e t h i r d p a r t o f t h i s r e s e a r c h , b o t h l - c h l o r o - 2 - p - b i p h e n y l y l -
e t h a n e and l - c h l o r o - 2 - p _ - b i p h e n y l y l ' e t h a n e - l , l - d ^ were s y n t h e s i z e d u s i n g k-
a c e t y l b i p h e n y l a s t h e s t a r t i n g m a t e r i a l . The h a l i d e s were r e a c t e d w i t h 
l i t h i u m , p o t a s s i u m , ce s ium, and c e s i u m - p o t a s s i u m - s o d i u m a l l o y i n t e t r a ­
h y d r o f u r a n and t h e p r o d u c t s c a r b o n a t e d . The c a r b o n a t i o n p r o d u c t s were 
a n a l y z e d by v a p o r - p h a s e c h r o m a t o g r a p h y and n u c l e a r m a g n e t i c r e s o n a n c e 
s p e c t r o s c o p y . 
(2b) A. W. L a n g e r , J r . , T r a n s . N.Y. Acad. S c i . , 2J_, 7bl ( 1 9 6 5 ) . 
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CHAPTER I I 
REAGENTS AND SOLVENTS 
k-Ace t y l b i p h e n y l 
A l d r i c h g r a d e 4 - a c e t y l b i p h e n y l ( m . p . 1 1 2 - 8 ° ) was r e c r y s t a l l i z e d 
from e t h a n o l t o g i v e a s a m p l e , m . p . 1 1 9 - 2 0 ° . 
Benzene 
I n d u s t r i a l g r a d e ( t h i o p h e n e f r e e ) benzene was s t o r e d o v e r sodium 
w i r e . 
t - B u t y l A l c o h o l 
Baker r e a g e n t g r a d e t - b u t y l a l c o h o l was r e d i s t i l l e d from o v e r 
m o l t e n p o t a s s i u m a t 8 l ° t h r o u g h a 60 cm vacuum j a c k e t e d column p a c k e d 
w i t h g l a s s h e l i c e s . 
t - B u t y l Alcohol -OD 
Merck Sharp & Dohme o f Canada L t d . g r a d e t - b u t y l a l c o h o l - O D was 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n (nmr a n a l y s i s shows 9 8 . 8 atom <f0 D) . • 
o - t - B u t y l b e n z o i c Ac id 
A sample p r e p a r e d by L. P . W i l l i a m s , J r . , m . p . 67-9°> was u s e d 
25 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
(25) L. P . W i l l i a m s , J r . , Ph .D. T h e s i s , G e o r g i a I n s t i t u t e o f T e c h ­
n o l o g y , p . 54 ( 1 9 6 2 ) . 
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m - t - B u t y l b e n z o i c Ac id 
26 
A sample p r e p a r e d by L. P . W i l l i a m s , J r . , m . p . 1 2 7 - 8 ° , was u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
p - t - B u t y l b e n z o i c Ac id 
27 
A sample p r e p a r e d by L. P . W i l l i a m s , m . p . I 6 U . O - 5 . O 0 , was u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
i - B u t y l b e n z e n e 
Chemica l Samples C o . , 99*7 p e r c e n t p u r e , i - b u t y l b e n z e n e was u s e d . 
s_-Butylbenzene 
Baker g r a d e £ - b u t y l b e n z e n e was u s e d . 
t - B u t y l b e n z e n e 
A l d r i c h u n s p e c i f i e d g r a d e t - b u t y l b e n z e n e was found t o be VPC p u r e . 
Carbon D i s u l f i d e 
Baker r e a g e n t g r a d e c a r b o n d i s u l f i d e was u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
Carbon T e t r a c h l o r i d e 
Baker r e a g e n t g r a d e c a r b o n t e t r a c h l o r i d e was u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
Cesium 
MSA R e s e a r c h C o r p . , 99*9 p e r c e n t p u r i t y minimum, ces ium was u s e d . 
(26) L. P . W i l l i a m s , J r . , i b i d . , p . 56 ( 1 9 6 2 ) . 
(27) L. P . W i l l i a m s , J r . , - i b i d . , p . 50 ( 1 9 6 2 ) . 
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1 - C h l o r o b u t a n e 
Columbia g r a d e 1 - c h l o r o b u t a n e was r e d i s t i l l e d a t 77-8° t h r o u g h a 
60 cm vacuum j a c k e t e d column p a c k e d w i t h g l a s s h e l i c e s . 
1 - C h l o r o h e p t a n e 
A l d r i c h g r a d e 1 - c h l o r o h e p t a n e was r e d i s t i l l e d a t 115° and 15 cm 
p r e s s u r e t h r o u g h t h e same column u s e d a b o v e . 
1-Chlo ro -2 -me t h y l - 2 - p h e n y l p r o p a n e 
A sample p r e p a r e d by L. P . W i l l i a m s , J r . , ^ was r e d i s t i l l e d a t 86° 
u n d e r 5 nim p r e s s u r e t h r o u g h a N e s t e r - F a u s t a n n u l a r T e f l o n s p i n n i n g band 
column. 
D e c a l i n 
Eas tman t e c h n i c a l g r a d e d e c a l i n was e x t r a c t e d w i t h c o n e , s u l f u r i c 
a c i d and t h e n d i s t i l l e d a t 102-4° u n d e r 70 mm p r e s s u r e . 
D e u t e r o a c e t o n e 
A sample of i n c o m p l e t e l y l a b e l e d d e u t e r o a c e t o n e (96*7 p e r c e n t 
CD^COCD^) from O r g a n i c Stockroom of t h e S c h o o l o f C h e m i s t r y , G e o r g i a Tech , 
was u s e d . 
D e u t e r o c h l o r o f o r m 
Volk g r a d e c h l o r o f o r m - d was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
D i b u t y l m e r c u r y 
Eas tman w h i t e l a b e l g r a d e d i b u t y l m e r c u r y was r e d i s t i l l e d a t 96-8° 
u n d e r 15 mm p r e s s u r e t h r o u g h t h e same column u s e d f o r 1 - c h l o r o b u t a n e . 
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D i e t h y l E t h e r 
Baker r e a g e n t g r a d e d i e t h y l e t h e r was u s e d w i t h o u t f u r t h e r p u r i ­
f i c a t i o n . 
Dimethy l E t h e r 
A c y l i n d e r of d i m e t h y l e t h e r from A i r P r o d u c t s and Chemica l s was 
u s e d . 
E t h y l A l c o h o l 
Commercia l g r a d e a b s o l u t e a l c o h o l was u s e d w i t h o u t f u r t h e r p u r i ­
f i c a t i o n . 
Hep tane 
P h i l i p s P e t r o l e u m C o . , 99 p e r c e n t minimum, h e p t a n e was d r i e d o v e r 
sodium w i r e . 
1 -Heptene 
Chemica l Samples C o . , 99 p e r c e n t p u r e , 1 - h e p t e n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
g j s - 2 - H e p t e n e 
Chemica l Samples C o . , 95 p e r c e n t , c i s - 2 - h e p t e n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
t r a n s - 2 - H e p t e n e 
Chemica l Samples C o . , 99 p e r c e n t , t r a n s - 2 - h e p t e n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
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c i s - 3 - H e p t e n e 
Chemica l Samples C o . , 9 5 - 7 p e r c e n t , c i s - 3 - h e p t e n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
t r a n s - 3 - H e p t e n e 
Chemica l Samples C o . , 99 p e r c e n t , t r a n s - 3 - h e n t e n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
Iodomethane 
Eas tman w h i t e l a b e l g r a d e iodomethane was u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
L i t h i u m 
L i t h i u m C o r p o r a t i o n of Amer ica , 0 . 0 5 p e r c e n t sodium m a x . , and F o o t e 
M i n e r a l C o . , 1 p e r c e n t sodium, l i t h i u m w i r e s were u s e d . 
L i t h i u m Aluminum D e u t e r i d e 
S t o h l e r I s o t o p e C h e m i c a l s , 99 p e r c e n t D, l i t h i u m aluminum d e u t e r i d e 
was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
L i t h i u m Aluminum H y d r i d e 
C i t y Chemica l C o r p . , 95 p e r c e n t minimum, l i t h i u m aluminum h y d r i d e 
( g r e y chunk) was g round up and u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
M e t h a l l y l C h l o r i d e 
Baker p u r i f i e d g r a d e m e t h a l l y l c h l o r i d e was r e d i s t i l l e d a t 6 9 - 7 0 . 5 ° 
t h r o u g h t h e same column u s e d f o r 1 - c h l o r o b u t a n e . 
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Me thano l 
Commercial g r a d e m e t h a n o l was p u r i f i e d by t r e a t m e n t w i t h magnesium 
a t r e f l u x and t h e n d i s t i l l e d a t 6b° . 
2 - M e t h y l - 2 - p h e n y l b u t a n o i c Ac id 
27 
A sample p r e p a r e d by L. P . W i l l i a m s , J r . , m . p . 5 7 - 8 ° , was u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
3 - M e t h y l - 3 - p h e n y l b u t a n o i c Ac id 
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A sample p r e p a r e d by L- P . W i l l i a m s , J r . , m . p . 5 6 - 8 ° , was u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
M o r p h o l i n e 
A l d r i c h p u r i s s g r a d e m o r p h o l i n e was u s e d w i t h o u t f u r t h e r p u r i f i ­
c a t i o n . 
O c t a n o i c A c i d 
A l d r i c h g r a d e o c t a n o i c a c i d was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
n - P e n t a n e 
P h i l i p s P e t r o l e u m C o . , 99 p e r c e n t minimum p u r e , n - p e n t a n e was u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
P o t a s s i u m 
Baker r e a g e n t g r a d e p o t a s s i u m was u s e d . 
P y r i d i n e 
F i s h e r , ACS C e r t i f i e d g r a d e , p y r i d i n e was d r i e d o v e r p o t a s s i u m 
(28) L. Pi W i l l i a m s , J r . , i b i d . , p . b9 ( 1 9 6 2 ) . 
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h y d r o x i d e p e l l e t s . 
Sodium 
Baker r e a g e n t g r a d e sodium was u s e d . 
S u l f u r 
Baker N. F . g r a d e s u l f u r was u s e d . 
T e t r a h y d r o f u r a n 
Baker r e a g e n t g r a d e t e t r a h y d r o f u r a n was s t o r e d o v e r sodium w i r e 
b e f o r e u s e . 
N , N , N ' , N ' - T e t r a m e t h y l e t h y l e n e d i a m i n e 
Eas tman w h i t e l a b e l g r a d e N , N , N ' N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e was 
r e d i s t i l l e d a t 1 2 0 - 1 ° . 
T h i o n y l C h l o r i d e 
Baker p u r i f i e d g r a d e t h i o n y l c h l o r i d e was u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
To luene 
Baker r e a g e n t g r a d e t o l u e n e was s t o r e d o v e r sodium w i r e b e f o r e u s e 
T r i b u t y l Amine 
Eas tman w h i t e l a b e l g r a d e t r i b u t y l amine was r e d i s t i l l e d a t 190-2° 
V a l e r i c A c i d 
Baker g r a d e v a l e r i c a c i d , b . p . 1 8 6 - 7 % was u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
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CHAPTER I I I 
GENERAL PROCEDURE OF REACTIONS AND INSTRUMENTAL ANALYSES 
OF PRODUCTS 
G e n e r a l P r o c e d u r e 
For r e a c t i o n s w i t h l i t h i u m and p o t a s s i u m , a t h r e e - n e c k e d , 500-ml , 
Morton f l a s k e q u i p p e d w i t h a h i g h - s p e e d Morton s t i r r e r was u s e d . The 
a p p a r a t u s was f l a m e - d r i e d w i t h a s t r e a m of d r y n i t r o g e n sweep ing t h r o u g h 
t h e f l a s k , and t h e n c o o l e d t o room t e m p e r a t u r e u n d e r an a t m o s p h e r e of 
n i t r o g e n . S o l v e n t was t h e n d i s t i l l e d from o v e r sodium aluminum h y d r i d e 
o r l i t h i u m aluminum h y d r i d e d i r e c t l y i n t o t h e r e a c t i o n v e s s e l u n l e s s 
o t h e r w i s e s p e c i f i e d . The same p r o c e d u r e s f o r d r y i n g t h e a p p a r a t u s and 
s o l v e n t p u r i f i c a t i o n were u sed f o r r e a c t i o n s of ces ium and ces ium a l l o y s ; 
however , t h e s e r e a c t i o n s were c o n d u c t e d i n s i d e a g l o v e - b o x f i l l e d w i t h a 
n i t r o g e n a t m o s p h e r e u s i n g a f o u r - n e c k e d , 500-ml , m o d i f i e d Mor ton f l a s k 
e q u i p p e d w i t h a s h o r t m o d i f i e d Mor ton s t i r r e r . 
I n s t r u m e n t a l A n a l y s e s 
A l l nmr s p e c t r a were o b t a i n e d on a V a r i a n A s s o c i a t e s Model A-60 
s p e c t r o m e t e r u s i n g t e t r a m e t h y l s i l a n e a s an e x t e r n a l o r i n t e r n a l s t a n d a r d 
d e p e n d i n g r e s p e c t i v e l y on w h e t h e r t h e r e l a t i v e i n t e n s i t i e s o f each a b s o r p ­
t i o n were needed o r o n l y t h e c h e m i c a l s h i f t s of each k i n d of h y d r o g e n were 
i m p o r t a n t . Carbon t e t r a c h l o r i d e was u s e d a s s o l v e n t e x c e p t i n t h e c a s e 
o f c a r b i n o l s where d e u t e r o c h l o r o f o r m o r d e u t e r o a c e t o n e was u s e d . 
I n f r a r e d s p e c t r a were t a k e n on a P e r k i n - E l m e r G r a t i n g I n f r a r e d 
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S p e c t r o p h o t o m e t e r model 237B u s i n g ca rbon t e t r a c h l o r i d e ( f o r c h l o r i d e s ) 
and c a r b o n d i s u l f i d e ( f o r c a r b i n o l s ) a s s o l v e n t s w i t h a 0 . 2 mm sodium 
c h l o r i d e c e l l and were c a l i b r a t e d w i t h t h e 6 . 2 3 8 \i band of p o l y s t y r e n e 
f i l m . 
VPC a n a l y s e s of t h e r e a c t i o n p r o d u c t s were a c c o m p l i s h e d by u s i n g 
e i t h e r F & M R e s e a r c h Chromatograph Model 810 (F & M) o r P e r k i n - E l m e r 
Model 8 8 l Gas Chromatograph ( P - E ) . The columns u s e d a r e g i v e n i n T a b l e 1 
and t h e t y p i c a l o p e r a t i n g c o n d i t i o n s a r e g i v e n i n T a b l e 2 . 
T a b l e 1 . Columns f o r VPC A n a l y s e s o f R e a c t i o n P r o d u c t s 
Column 
Number 
L i q u i d Phase 
(% C o a t i n g ) 
* 
S o l i d Phase (mesh) L e n g t h ( O u t s i d e 
D i a m e t e r ) 
I D i e t h y l e n e g l y c o l 
s u c c i n a t e (10$) 
Chromosorb G ( 6 0 - 8 0 ) 6* ( i M ) 
I I Apiezon L (10$) Chromosorb P ( 6 0 - 8 0 ) 6* ( i " ) 
I I I S i l i c o n e gum r u b b e r , 
GE, SE-30 (10$) 
Chromosorb G ( 6 0 - 8 0 ) 6* ( i " ) 
IV P o l y p h e n y l E t h e r 
(15*) 
Chromosorb W (80 -100 ) 6 ' (*") 
V Apiezon L (10$) Chromosorb W (80 -100 ) i 2 ' (*") 
VI S i l i c o n e gum r u b b e r , 
GE, SE-30 {%) 
Chromosorb G (100 -120) 12 1 
' (*") 
S o l i d p h a s e s had b e e n a c i d - w a s h e d and t r e a t e d w i t h d i m e t h y l d i c h l o -
r o s i l a n e . 
Ac id from t h e r e a c t i o n of 1 - c h l o r o b u t a n e and d i b u t y l m e r c u r y w i t h 
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c e s i u m a l l o y s was a n a l y z e d a s m e t h y l e s t e r by a d d i n g a known w e i g h t of 
e t h y l b e n z e n e a s i n t e r n a l s t a n d a r d t o an a l i q u o t o f t h e e t h e r s o l u t i o n o f 
t h e e s t e r ; a measu red volume of t h i s s o l u t i o n was i n j e c t e d i n t o t h e VPC. 
Measured volumes o f s t a n d a r d s o l u t i o n s of e t h y l b e n z e n e and m e t h y l v a l e r a t e 
were a l s o i n j e c t e d s e p a r a t e l y a s s t a n d a r d s f o r c a l i b r a t i o n . The a n a l y s e s 
o f p r o d u c t s from o t h e r r e a c t i o n s were a l l done by d i s s o l v i n g an a l i q u o t 
o f a sample i n a known volume of s o l v e n t and t h e n i n j e c t i n g a measu red 
volume of t h i s s o l u t i o n . Measured volumes o f t h e a u t h e n t i c sample s o l u ­
t i o n s o f known c o n c e n t r a t i o n were i n j e c t e d s e p a r a t e l y f o r c a l i b r a t i o n s . 
The c a l c u l a t i o n s were b a s e d on t h e a s s u m p t i o n t h a t t h e a r e a t o w e i g h t r a t i o 
of a compound i n an unknown m i x t u r e was i d e n t i c a l t o t h e a r e a t o w e i g h t 
r a t i o of t h a t same compound i n an a u t h e n t i c sample s o l u t i o n . The y i e l d s 
o f p r o d u c t s were t h e n e x p r e s s e d i n w e i g h t a n d / o r p e r c e n t a g e ; p e r c e n t a g e 
y i e l d s so d e t e r m i n e d a r e r e f e r r e d t o as " a b s o l u t e " y i e l d s . I f o n l y t h e 
a p p r o x i m a t e r e l a t i v e c o m p o s i t i o n o f t h e v o l a t i l e p r o d u c t s was d e t e r m i n e d , 
o n l y VPC a r e a p e r c e n t o r a r e a r a t i o s were u s e d ; p e r c e n t a g e y i e l d s so d e t e r ­
mined a r e c a l l e d " r e l a t i v e " y i e l d s . 
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T a b l e 2 . T y p i c a l O p e r a t i n g C o n d i t i o n s f o r VPC A n a l y s e s 
M a t e r i a l A n a l y z e d Column I n s t r u m e n t Oven C a r r i e r Gas 
Number Temp. Flow P r e s . 
(mm) ( p s i g . ) 
Me thy l V a l e r a t e I F & M 90° 15 1+0 
Octane I I F & M 90° 20 1+0 
D i b u t y l m e r c u r y I I F & M 160° 20 30 
Me thy l O c t a n o a t e I F & M 100° 2 1 1+0 
Hep tane and H e p t e n e s IV P-E 65° 12 1+0 
1 - C h l o r o h e p t a n e IV P-E 125° 12 1+0 
T e t r a d e c a n e IV P-E 172° 12 1+0 
P h o t o c h e m i s t r y of N e o p h y l l i t h i u m 
M e t h y l E s t e r s I F & M H+3° 23 50 
N e u t r a l P r o d u c t s I I I F & M 200° 18 1+0 
S t a b i l i t y and Rea r r angemen t of N e o p h y l l i t h i u m 
E s t e r s from Runs 1 and 2 I F & M 17*+° 20 1+8 
R e a c t i o n of Neophyl C h l o r i d e w i t h Cs A l l o y s 
N e u t r a l (Runs 1 t o 3) I I I F & M 182° 1 8 . 5 50 
O t h e r Neophyl C h l o r i d e R e a c t i o n s 
E s t e r s V P-E 1 9 0 0 2k 60 
B u t y l b e n z e n e s V P-E ll+0° 20 60 
Neophyl C h l o r i d e V P-E 163° 20 60 
R e a c t i o n s o f l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
E s t e r s VI P-E 172° 26 60 
H y d r o c a r b o n s VI P-E 153° 26 60 
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CHAPTER IV 
EXPERIMENTAL DETAILS* 
S y n t h e s i s o f 1 - C h l o r o - 2 - p - B i p h e n y l y l e t h a n e 
p - B i p h e n y l y l a c e t i c Ac id 
The t i t l e compound was p r e p a r e d f o l l o w i n g t h e p r o c e d u r e of Schwenk 
29 
and Papa . I n a t y p i c a l r u n , s t a r t i n g w i t h 100 g ( 0 . 5 1 0 mole) o f 4 -
a c e t y l b i p h e n y l t h e r e was o b t a i n e d 102 g ( 0 . 4 8 l mo le , 9 4 . 3 p e r c e n t y i e l d ) 
o f c r u d e p - b i p h e n y l y l a c e t i c a c i d , m . p . 1 5 5 - 8 ° . R e c r y s t a l l i z a t i o n from 
benzene gave 6 8 . 2 g ( 0 - 3 2 2 mole , 6 3 . 1 p e r c e n t ) , m . p . l 6 0 - l 6 2 ° . I n f o u r 
o t h e r r u n s an o v e r a l l y i e l d o f 42 p e r c e n t of t h e p u r i f i e d a c i d was o b ­
t a i n e d . 
2 - p - B i p h e n y l y l e t h a n o l 
The r e d u c t i o n o f p - b i p h e n y l y l a c e t i c a c i d was f i r s t c a r r i e d o u t i n 
a 500 ml Mor ton f l a s k f i t t e d w i t h a h i g h - s p e e d s t i r r e r by a d d i n g 5 .22 g 
( 0 . 0 2 4 6 mole) of p _ - b i p h e n y l y l a c e t i c a c i d i n 50 ml t e t r a h y d r o f u r a n t o a 
s u s p e n s i o n o f 1 .66 g ( 0 . 0 4 4 0 mole) o f l i t h i u m aluminum h y d r i d e i n 250 ml 
f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n u n d e r r e f l u x d r o p w i s e o v e r a p e r i o d of 
25 m i n u t e s . The m i x t u r e was s t i r r e d a t r e f l u x f o r a n o t h e r t h r e e h o u r s . 
Then e t h y l a c e t a t e (50 ml) was added t o decompose u n r e a c t e d l i t h i u m aluminum 
h y d r i d e . The r e a c t i o n m i x t u r e was t h e n p o u r e d i n t o 250 ml o f a 1 :1 m i x t u r e 
o f d i l . HCl and i c e , e x t r a c t e d w i t h f o u r 100 ml p o r t i o n s o f e t h e r . The 
* 
For i n f r a r e d s p e c t r a o f compounds, s ee Appendix A. 
(29) E . Schwenk and D. Papa , J . Org. Chem., 1 1 , 798 ( 1 9 4 6 ) . 
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e t h e r e a l e x t r a c t s were combined, washed w i t h t h r e e 100 ml p o r t i o n s o f 5 
p e r c e n t NaHCO^ and two 100 ml p o r t i o n s of w a t e r , d r i e d o v e r anhydrous 
MgSO^, and f i l t e r e d . A f t e r removing t h e s o l v e n t s t h e r e was o b t a i n e d 5 ' 2 2 
grams o f s o l i d m a t e r i a l , m . p . 9 6 - 1 0 2 ° . One r e c r y s t a l l i z a t i o n from e t h a n o l 
gave 3 ' 6 8 g of c r u d e c a r b i n o l , m . p . 90-92° ( p r e m e l t s a t 8 7 ° ) . A s econd 
r e c r y s t a l l i z a t i o n from b o t h e t h a n o l and c a r b o n t e t r a c h l o r i d e gave 2 . 1 5 g, 
m . p . 9 ^ - 5 % 0 . 4 ^ 3 g, m . p . 9 3 - 5 % and 0 . 0 8 7 5 g, m . p . 9 1 - 3 ° • T h e • r e p o r t e d 3 0 
m e l t i n g p o i n t of 2 - p - b i p h e n y l y l e t h a n o l i s 93° • 
The d e s i r e d c a r b i n o l was s u c c e s s f u l l y p r e p a r e d when e x c e s s l i t h i u m 
aluminum h y d r i d e was u s e d . I n a t y p i c a l r u n , a s o l u t i o n of 5 1 ' 0 g (0.21+0 
ml) of p - b i p h e n y l y l a c e t i c a c i d i n 1+50 ml of t e t r a h y d r o f u r a n was added 
d r o p w i s e o v e r a p e r i o d of ll+0 m i n u t e s u n d e r an a t m o s p h e r e of n i t r o g e n t o 
a s u s p e n s i o n of 2 7 - 8 g ( 0 . 7 3 3 mole) o f l i t h i u m aluminum h y d r i d e i n 1500 ml 
of t e t r a h y d r o f u r a n . The m i x t u r e was t h e n s t i r r e d a t r e f l u x f o r an a d d i ­
t i o n a l s i x h o u r s . To t h e f l a s k was n e x t added c a u t i o u s l y some w a t e r ( c a . 
200 ml) t o decompose e x c e s s LiAlH^. A u s u a l work up p r o d u c e d 1+8.9 g 
(0.21+6 m o l e , 102 p e r c e n t y i e l d b a s e d on p - b i p h e n y l y l a c e t i c a c i d u s e d ) of 
c r u d e p r o d u c t , m . p . 9 3 - 5 ° • One r e c r y s t a l l i z a t i o n from c a r b o n t e t r a c h l o r i d e 
gave 3 6 . 3 g of w h i t e c r y s t a l s , m . p . 9 5 - 6 ° , and 5 ' 0 1 g of a l e s s p u r e ma­
t e r i a l , m . p . 9 ^ - ' 5 - 6 ° . The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 6 l T 
( 9 . 2 6 H) , a r o m a t i c h y d r o g e n s ; a t r i p l e t c e n t e r e d a t 6.11+ T ( 2 . 0 0 H, J = 6 . 5 
c p s ) , m e t h y l e n e g roup a d j a c e n t t o OH; a n o t h e r t r i p l e t c e n t e r e d a t 7 . 1 3 T 
( 2 . 0 0 H, J = 6 . 5 c p s ) , m e t h y l e n e g r o u p a d j a c e n t t o a r o m a t i c r i n g ; and a 
s i n g l e t a t 8.1+5 T ( l . l 6 H) , OH g roup] i n d i c a t e d t h a t t h i s compound was 
e s s e n t i a l l y p u r e 2 - p - b i p h e n y l y l e t h a n o l . 
(30) J . Colonge and P . Rochas , B u l l . Soc . Chim. F r a n c e , 825' ( I9I+8) . 
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I n a n o t h e r two r u n s , a s c a l e o f from 20 g t o 55 g of acid, was r e ­
duced w i t h e x c e s s LiAlH^ ( l RCO^H : 3 LiAlH^) i n a s i m i l a r manner g i v i n g 
q u a n t i t a t i v e y i e l d s o f t h e d e s i r e d c a r b i n o l , m . p . 9 2 - 9 6 ° • One r e c r y s t a l ­
l i z a t i o n from CCl^ gave s u f f i c i e n t l y p u r e 2 - p - b i p h e n y l y l e t h a n o l , m . p . 
9 5 - 9 6 ° . The nmr s p e c t r u m was i d e n t i c a l w i t h t h a t g i v e n a b o v e . 
1 - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
The c o n v e r s i o n o f 2 - p - b i p h e n y l y l e t h a n o l i n t o l - c h l o r o - 2 - p - b i p h e n y l y l -
3 1 
e t h a n e was f i r s t a t t e m p t e d by f o l l o w i n g a m o d i f i e d p r o c e d u r e o f R o b e r t s . 
I n a 200 ml , t h r e e - n e c k e d , r o u n d - b o t t o m e d f l a s k f i t t e d w i t h a c o n d e n s e r 
and d r o p p i n g f u n n e l was p l a c e d U.96 g ( 0 . 0 2 5 mole) of 2 - p - b i p h e n y l y l e t h a n o l , 
100 ml anhyd rous e t h e r , and 2 . 9 0 g of t r i e t h y l a m i n e . The m i x t u r e was 
s t i r r e d w i t h a m a g n e t i c s t i r r e r a t i c e - b a t h t e m p e r a t u r e ( 0 - 5 ° ) and t h e n 
t h i o n y l c h l o r i d e (3*23 g, 0 . 0 2 7 1 mole) was added a t s u c h a r a t e t h a t t h e 
t e m p e r a t u r e d i d n o t e x c e e d 8° o v e r a p e r i o d of 15 m i n u t e s . The f i r s t p o r ­
t i o n of t h i o n y l c h l o r i d e added c a u s e d t h e p r e c i p i t a t i o n of w h i t e s o l i d 
m a t e r i a l . The m i x t u r e was s t i r r e d a t b o i l i n g p o i n t of e t h e r f o r t h r e e 
and o n e - h a l f h o u r s and t h e n p o u r e d i n t o 300 ml of c r u s h e d i c e . E t h e r e x ­
t r a c t i o n y i e l d e d some l i g h t brown o i l y p r o d u c t , wh ich was r e c r y s t a l l i z e d 
from e t h a n o l g i v i n g O. I56 g of s o l i d m a t e r i a l , m . p . 1 0 0 - 1 0 3 ° , and 2 . 3 9 g 
o f o i l y m a t e r i a l . An a t t e m p t e d r e c r y s t a l l i z a t i o n of t h i s o i l y m a t e r i a l 
from p e n t a n e was u n s u c c e s s f u l . The above O . I56 g of s o l i d m a t e r i a l was 
a g a i n r e c r y s t a l l i z e d from e t h a n o l t o g i v e 0 . 1 1 6 g, m . p . 1 0 6 - 7 ° • A sample 
o f t h i s m a t e r i a l was a n a l y z e d f o r C, H c o n t e n t s . 
(31) M. C C a s e r i o , W. H. Graham, and J . D. R o b e r t s , T e t r a h e d r o n , 
V o l . 1 1 , p . 171 ( I 9 6 0 ) . 
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A n a l . Found: C, 7 5 - 6 5 , 7 5 - ^ ; H, 5 - 7 8 , 5 - 7 1 . C a l c d . f o r C 2 Q H 2 6 S 0 3 
[ ( p - P h C 6 H ^ C H 2 C H 2 ) 2 S 0 3 ] : C, 7 6 . 0 0 ; H, 5 - 9 2 . 
I n t h e n e x t a t t e m p t , t o a m i x t u r e o f 1 0 . 0 g ( 0 . 0 5 0 6 mole) o f 2 - p -
b i p h e n y l y l e t h a n o l and 1 0 . 3 g ( 0 . 0 5 5 7 mole) of t r i - n - b u t y l a m i n e a t i c e -
b a t h t e m p e r a t u r e was added s l o w l y 6 . 6 5 g ( 0 . 0 5 5 9 mole) o f t h i o n y l c h l o r i d e 
and t h e m i x t u r e was t h e n r e f l u x e d f o r t h r e e h o u r s . A u s u a l work up y i e l d e d 
1 0 . 6 g, m . p . 77~9^° • One r e c r y s t a l l i z a t i o n from e t h a n o l gave 1 . 0 1 g, 
m . p . 1 0 5 - 6 ° , 1 .01 g, m . p . 7 0 - 9 2 ° , 0 . ^ 5 0 g , m . p . 91-9I+ 0 , and some o i l y ma­
t e r i a l . Aga in t h e r e c r y s t a l l i z a t i o n o f t h i s o i l y m a t e r i a l from p e n t a n e 
was u n s u c c e s s f u l . 
l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e was f i n a l l y s u c c e s s f u l l y p r e p a r e d by 
32 
f o l l o w i n g a m o d i f i e d p r o c e d u r e o f M. A. McMahon and S. C. Bunce . I n a 
t y p i c a l p r e p a r a t i o n , 2 - p _ - b i p h e n y l y l e t h a n o l ( 3 6 . 3 g> O . I 8 3 mole) was d i s ­
s o l v e d i n 97-2 g ( 1 . 2 3 mo le s ) o f p y r i d i n e i n a 500 ml , t h r e e - n e c k e d , r o u n d -
b o t t o m e d f l a s k e q u i p p e d w i t h a m e c h a n i c a l s t i r r e r , c o n d e n s e r , d r o p p i n g 
f u n n e l , and t h e r m o m e t e r . The s o l u t i o n u n d e r s t i r r i n g was c o o l e d i n an 
i c e - b a t h and t h e n t h i o n y l c h l o r i d e (83.O g, O.698 mole) was added s l o w l y 
a t such a r a t e t h a t t h e t e m p e r a t u r e d i d n o t r i s e o v e r 5° t h r o u g h o u t t h e 
a d d i t i o n . The a d d i t i o n was c o m p l e t e d i n 170 m i n u t e s . The s o l i d i f i e d 
p r o d u c t was h e a t e d on a s t eam b a t h f o r 10 m i n u t e s and t h e brown s o l u t i o n 
was c o o l e d t o room t e m p e r a t u r e . A f t e r s t a n d i n g a t room t e m p e r a t u r e f o r 
30 m i n u t e s , t h e deep brown s o l u t i o n was p o u r e d i n t o kOO ml o f i c e w a t e r 
a n d e x t r a c t e d w i t h f o u r 150 ml p o r t i o n s of e t h e r . The e t h e r e a l e x t r a c t s 
A n a l y s i s by G a l b r a i t h L a b o r a t o r i e s , I n c . , K n o x v i l l e , T e n n e s s e e . 
(32) M. A. McMahon and S. C Bunce, J . Org. Chem., 2 9 ( 6 ) , 1515 
(196U) . ~ 
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were combined, washed w i t h 5 p e r c e n t NaHCO^, w a t e r , d r i e d o v e r a n h y d r o u s 
MgSO^, and f i l t e r e d . The r emova l of s o l v e n t u n d e r p a r t i a l vacuum y i e l d e d 
3 0 . 4 g ( 0 . l 4 o mole , 7 6 . 6 p e r c e n t y i e l d ) of b r o w n i s h o i l y p r o d u c t . One 
r e c r y s t a l l i z a t i o n from p e n t a n e gave 2 5 . 2 g of l i g h t y e l l o w c r y s t a l s , m . p . 
2 9 - 3 1 ° , and 4 . 0 9 g , m . p . 2 6 - 3 0 . 5 ° . Vacuum s u b l i m a t i o n of t h e s e two s o l i d 
f r a c t i o n s a t 95° a t 80 m i c r o n s gave 2 7 . 5 g of w h i t e s o l i d m a t e r i a l , m . p , 
3 0 - 3 1 . 5 % which a f t e r one more r e c r y s t a l l i z a t i o n from p e n t a n e gave 25*6 g , 
m . p . 3 0 . 7 - 3 1 - 5 ° • The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 8 8 T ( 9 - 3 9 H), 
a r o m a t i c h y d r o g e n s ; a t r i p l e t c e n t e r e d a t 6 , 4 4 T ( 2 . 0 0 H, J = 7«5 o p s ) , 
m e t h y l e n e g roup a d j a c e n t t o c h l o r i n e ; a n o t h e r t r i p l e t c e n t e r e d a t 7«06 T 
( 2 . 0 0 H, J = 7*5 o p s ) , m e t h y l e n e g roup a d j a c e n t t o a r o m a t i c r i n g ] i n d i ­
c a t e d t h a t t h i s sample was e s s e n t i a l l y p u r e l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e . 
A sample of 0 . 4 l 2 g was f u r t h e r s u b l i m e d a t 90° and 35 m i c r o n s t o g i v e 
0 . 4 0 5 g ( t a k i n g m e c h a n i c a l l o s s i n t o a c c o u n t , i t was e s s e n t i a l l y c o m p l e t e l y 
s u b l i m e d ) , m . p . 3 0 . 8 - 3 1 . 3 ° • T h i s sample was s u b j e c t e d t o C, H a n a l y s i s . 
A n a l . * Found: C, 7 7 - 7 3 , 7 7 - 8 8 ; H, 6 . 1 8 , 6 . 0 4 . C a l c d . f o r C ^ H ^ C l : 
C, 7 7 . 5 8 ; H, 6 . 0 4 . 
I n a n o t h e r r u n , 2 - p - b i p h e n y l y l e t h a n o l ( 4 6 . 4 g, 0 . 2 3 4 mole) i n 114 g 
of p y r i d i n e was r e a c t e d w i t h 6 7 . 3 ml ( 0 « 3 4 l mole) of t h i o n y l c h l o r i d e a t 
10 t o 15° f o r two h o u r s and t h e m i x t u r e was h e a t e d on a s t e a m b a t h t o 85° 
and r e f l u x e d f o r a t o t a l of t h r e e h o u r s . A f t e r c o o l i n g t o room t e m p e r a ­
t u r e , t h e p r o d u c t was worked up i n t h e same way a s i n p r e v i o u s run y i e l d ­
i n g 1 9 . 5 g (O.0899 mo le , 3 8 . 4 p e r c e n t y i e l d ) o f o i l y m a t e r i a l . The low 
y i e l d of t h e d e s i r e d p r o d u c t was a p p a r e n t l y due t o o v e r h e a t i n g ( t h r e e 
A n a l y s i s by G a l b r a i t h L a b o r a t o r i e s , I n c . , K n o x v i l l e , T e n n e s s e e . 
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h o u r s ) a t r e f l u x . Two vacuum s u b l i m a t i o n s a t 50 t o 100 m i c r o n s and 75 t o 
115° gave 1 6 . 8 g o f w h i t e s o l i d m a t e r i a l , m . p . 2 9 - 3 0 ° . 
S y n t h e s i s o f l - C h l o r o - 2 - p - B i p h e n y l y l e t h a n e - l , l - d ^ 
M e t h y l p - B i p h e n y l y l a c e t a t e 
T h i s e s t e r was s y n t h e s i z e d a c c o r d i n g t o t h e g e n e r a l p r o c e d u r e g i v e n 
i n O r g a n i c S y n t h e s e s . A s o l u t i o n of 5 0 . 5 g ( 0 . 2 3 8 mole) o f p - b i p h e n y l y l ­
a c e t i c a c i d and 15 ml c o n e , s u l f u r i c a c i d ( F i s h e r , 95"98 p e r c e n t ) i n m e t h ­
a n o l ( d i s t i l l e d a f t e r magnesium t r e a t m e n t ) was r e f l u x e d f o r 1+5 h o u r s . 
M e t h a n o l was removed on a s t eam b a t h and w a t e r was added t o t h e r e s i d u e . 
E t h e r e x t r a c t i o n gave 55*6 g of l i g h t brown l i q u i d . Vacuum d i s t i l l a t i o n 
a t 150° and 110 m i c r o n s gave 1+9-1+ g ( 0 . 2 1 8 mo le , 91*5 p e r c e n t y i e l d ) o f 
w h i t e s o l i d m a t e r i a l , m . p . 2 6 - 7 ° • 
2 - p - B i p h e n y l y l e t h a n o l - l , l - d ^ 
T i t l e compound was s u c c e s s f u l l y p r e p a r e d by t h e r e d u c t i o n of m e t h y l 
p - b i p h e n y l y l a c e t a t e w i t h l i t h i u m aluminum d e u t e r i d e i n t e t r a h y d r o f u r a n . 
I n t o a f l a m e - d r i e d 2 - 1 Mor ton f l a s k e q u i p p e d w i t h a h i g h - s p e e d s t i r r e r , 
c o n d e n s e r , and d r o p p i n g f u n n e l was d i s t i l l e d from o v e r LiAlH^ 1200 ml of 
t e t r a h y d r o f u r a n . L i t h i u m aluminum d e u t e r i d e (9*56 g> 0 . 2 2 8 mo le , S t o n i e r 
I s o t o p e C h e m i c a l s , 99 p e r c e n t D) was i n t r o d u c e d and t h e s o l u t i o n was s t i r r e d 
a t r e f l u x f o r two and o n e - h a l f h o u r s v b e f o r e an a l i q u o t of 5 ml was w i t h ­
drawn f o r t i t r a t i o n . T h i s t i t r a t i o n i n d i c a t e d t h a t i t was > 98 p e r c e n t 
p u r e LiAlD^. The s o l u t i o n was s t i r r e d a t r e f l u x f o r a n o t h e r h o u r and t h e n 
a s o l u t i o n o f 1 + 3 g ( 0 . 1 9 2 mole) o f m e t h y l p - b i p h e n y l y l a c e t a t e i n 200 ml 
(33) E . C. H o r n i n g , O r g a n i c S y n t h e s e s , C o l l e c t i v e Volume I I I , John 
W i l e y & Sons , I n c . , New York, 1962 , p . 6 0 5 . 
2h 
o f t e t r a h y d r o f u r a n was added a t b o i l i n g p o i n t of THF d r o p w i s e o v e r a 
p e r i o d of ho m i n u t e s . The r e s u l t i n g s o l u t i o n was s t i r r e d a t r e f l u x f o r 
a n o t h e r f i v e h o u r s and t h e n a l l o w e d t o s t a n d a t room t e m p e r a t u r e o v e r n i g h t . 
Wate r (50 ml) was added t o t h e s o l u t i o n c a u t i o u s l y t o decompose u n r e a c t e d 
LiAlD^. The m i x t u r e was t h e n p o u r e d i n t o a 1 :1 m i x t u r e o f a 10 p e r c e n t 
HCl and i c e . E t h e r e x t r a c t i o n p r o d u c e d 39*3 g ( O . I 9 6 mole) o f p r e d o m i ­
n a n t l y w h i t e c r y s t a l l i n e m a t e r i a l , m . p . 9 3 ' 5 - 9 6 ° ( p r e m e l t e d a t 9 1 ° ) • One 
r e c r y s t a l l i z a t i o n from c a r b o n t e t r a c h l o r i d e gave 3 6 . 7 g, m . p . 9 5 « 5 - 9 6 . 3 ° « 
The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 6 2 T (9*3 H) , a r o m a t i c h y d r o ­
g e n s ; a s i n g l e t a t 7*19 T ( 2 . 0 H) , m e t h y l e n e g roup a d j a c e n t t o a r o m a t i c 
r i n g ; a n o t h e r s i n g l e t a t 7«75 T ( 1 . 0 H) , OH g roup ] i n d i c a t e d t h a t i t i s 
e s s e n t i a l l y p u r e 2 - p - b i p h e n y l y l e t h a n o l - l , 1 - d . 
1 - C h l o r o - 2 - p - B i p h e n y l y l e t h a n e - 1 , l - d ^ 
l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , 1 - d was s y n t h e s i z e d by f o l l o w i n g 
t h e same method u s e d f o r t h e s y n t h e s i s of t h e c o r r e s p o n d i n g p r o t i u m com­
pound d e s c r i b e d p r e v i o u s l y . A s o l u t i o n of 35*20 g ( 0 . 1 7 5 7 mole) of 2 - p -
b i p h e n y l y l e t h a n o l - 1 , l - d ^ i n 270 ml of p y r i d i n e was c o o l e d t o 2° u n d e r a 
m i l d s t i r r i n g and t h i o n y l c h l o r i d e (^5 ml) was added s l o w l y a t such a r a t e 
t h a t t h e t e m p e r a t u r e was m a i n t a i n e d be low 8° o v e r a p e r i o d of 85 m i n u t e s . 
The m i x t u r e was warmed on a s t eam b a t h t o 95° and s t i r r e d a t 95 - 3° f o r 
f i v e m i n u t e s and t h e n c o o l e d t o room t e m p e r a t u r e . A f t e r s t a n d i n g a t room 
t e m p e r a t u r e f o r 30 m i n u t e s , t h e s o l u t i o n was p o u r e d i n t o 1-1 i c e w a t e r and 
e x t r a c t e d w i t h f o u r 150 ml p o r t i o n s of e t h e r . The e t h e r e a l e x t r a c t s were 
combined, washed t w i c e w i t h 100 ml p o r t i o n s o f w a t e r , t h r e e 100 ml p o r t i o n s 
o f 10 p e r c e n t HCl, 100 ml of s a t u r a t e d NaCl, 100 ml o f 6 p e r c e n t WaHC0 o, 
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and w a t e r a g a i n . A f t e r d r y i n g o v e r anhyd r ous MgSO^, t h e s o l u t i o n was 
f i l t e r e d and s o l v e n t removed u n d e r p a r t i a l vacuum t o g i v e 2 9 - 3 9 g (0.13^-3 
mo le , 76.1+5 p e r c e n t y i e l d ) of p a l e amber c o l o r e d s o l i d , m . p . 2 9 - 3 0 . 5 % 
w i t h r e s i d u e . One vacuum s u b l i m a t i o n of a 29*10 g sample a t 85 t o 95° and 
80 m i c r o n s p r e s s u r e gave 2 5 - 9 0 g of w h i t e c r y s t a l l i n e m a t e r i a l , m . p . 3 1 -
2 ° . The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 7 2 T ( 9 - 0 0 H) , a r o m a t i c 
p r o t o n s ; a s i n g l e t a t 7-02 T ( 2 . 0 0 H) , m e t h y l e n e g r o u p a d j a c e n t t o a r o ­
m a t i c r i n g ] i n d i c a t e d t h a t i t i s p u r e 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e -
3h 
S y n t h e s i s o f 2 , 2 - D i m e t h y l - 3 - p h e n y l p r o p a n o i c Ac id 
2 - B e n z y l - 2 - P r o p a n o l 
T h i s compound was p r e p a r e d i n 7 1 p e r c e n t y i e l d by a G r i g n a r d r e a c ­
t i o n be tween b e n z y l c h l o r i d e and a c e t o n e . 
2 - B e n z y l - 2 - C h l o r o p r o p a n e 
2 - B e n z y l - 2 - p r o p a n o l was c o n v e r t e d i n t o 2 - b e n z y l - 2 - c h l o r o p r o p a n e i n 
60 p e r c e n t y i e l d by f o l l o w i n g t h e p r o c e d u r e of L. P . W i l l i a m s , J r . The 
c h l o r i d e b o i l e d a t 7 2 . 5 t o 7*+° a t 5 mm ( W i l l i a m s r e p o r t s a b . p . o f 65 -6° 
a t k mm). 
2 , 2 - D i m e t h y l - 3 - P h e n y l p r o p a n o i c Ac id 
The t i t l e compound was p r e p a r e d i n 5-6 p e r c e n t y i e l d from 2 - b e n z y l -
2 - c h l o r o p r o p a n e by t h e p r o c e d u r e of L. P . W i l l i a m s , J r . A f t e r p u r i f i c a ­
t i o n by vacuum s u b l i m a t i o n a t 65° a t 30 m i c r o n s p r e s s u r e , t h i s a c i d had a 
m e l t i n g p o i n t of 57 -58 -5° ( W i l l i a m s r e p o r t s an m . p . 5 6 . 5 - 5 8 . 0 ° ) . 
(3^) L- P- W i l l i a m s , J r . , Ph .D. T h e s i s , G e o r g i a I n s t i t u t e of T e c h ­
n o l o g y , p . 51 ( 1 9 6 2 ) . 
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S y n t h e s i s of A l k y l Anions 
R e a c t i o n of 1 - C h l o r o b u t a n e w i t h Cesium A l l o y s 
The r e a c t i o n s o f b o t h c e s i u m - p o t a s s i u m and c e s i u m - p o t a s s i u m - s o d i u m 
a l l o y s were c a r r i e d o u t i n e t h e r e a l s o l v e n t s . When t e t r a h y d r o f u r a n o r 
d i e t h y l e t h e r was u s e d a s s o l v e n t , t h e s o l v e n t was d i s t i l l e d from o v e r 
NaAlH^ i n t o t h e r e a c t i o n v e s s e l f i r s t and t h e n t h e a l l o y was p r e p a r e d by 
a d d i n g t h e m e t a l s i n t h e s o l v e n t f o l l o w e d by s i t r r i n g a t t h e b o i l i n g p o i n t 
of t h e s o l v e n t f o r a p p r o x i m a t e l y one hou r t o g i v e a f i n e l y d i v i d e d m e t a l 
p a r t i c l e . Then t h e s o l u t i o n was c o o l e d t o t h e r e a c t i o n t e m p e r a t u r e u n d e r 
v i g o r o u s s t i r r i n g . I n t h e c a s e of d i m e t h y l e t h e r a s s o l v e n t , t h e a l l o y 
was p r e p a r e d by mix ing t h e m e t a l i n t h e r e a c t i o n v e s s e l b e f o r e t h e s o l v e n t 
was i n t r o d u c e d d i r e c t l y from a c y l i n d e r and was condensed o n t o t h e a l l o y . 
I n b o t h t e t r a h y d r o f u r a n and d i m e t h y l e t h e r , t h e a l l o y gave a b l u e c o l o r a t 
t h e b e g i n n i n g o f r e f l u x and t h e c o l o r t u r n e d g r e e n i s h a f t e r p r o l o n g e d 
s t i r r i n g a t r e f l u x and an i n t e n s e b l u e c o l o r r e a p p e a r e d a t low t e m p e r a ­
t u r e s . But t h e a l l o y d i d n o t show any d e t e c t a b l e c o l o r i n d i e t h y l e t h e r . 
The r e a c t i o n of t h e c h l o r i d e w i t h t h e a l l o y was f o l l o w e d by c a r b o n a t i o n and 
t h e c a r b o n a t e d p r o d u c t was worked up by f i r s t decompos ing t h e u n r e a c t e d 
m e t a l s c a u t i o u s l y w i t h w a t e r and most of t h e THF was removed u n d e r p a r t i a l 
vacuum a t w a t e r - b a t h t e m p e r a t u r e . The r e s i d u e was washed t h r e e t i m e s w i t h 
d i e t h y l e t h e r , a c i d i f i e d , e x t r a c t e d w i t h e t h e r . T h i s e t h e r e a l s o l u t i o n 
was washed w i t h w a t e r , r e a c t e d w i t h d i a z o m e t h a n e and t h e e s t e r a n a l y z e d 
f o r m e t h y l v a l e r a t e by v a p o r - p h a s e c h r o m a t o g r a p h y (VPC). I n run 1 1 , 
t o l u e n e (10 ml) was added a t c a . -70° b e f o r e t h e a d d i t i o n o f t h e c h l o r i d e . 
The o n l y e x c e p t i o n was i n r u n 6 , where d i m e t h y l e t h e r was r e f l u x e d 
w i t h NaAlH^ f o r 30 m i n u t e s b e f o r e d i s t i l l i n g i n t o t h e r e a c t i o n v e s s e l . 
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I n r u n s 13 and l 4 d e c a l i n was added w i t h t h e r e a c t a n t as i n t e r n a l s t a n d a r d 
f o r t h e s p l i t t i n g o f t h e two f r a c t i o n s . The q u a n t i t i e s of r e a c t a n t s and 
p r o d u c t s t o g e t h e r w i t h t h e c o n d i t i o n s of r e a c t i o n a r e g i v e n i n T a b l e 3* 
R e a c t i o n of D i - n - b u t y l m e r c u r y w i t h Cs -K-Na-Al loy 
I n r u n 1 , ces ium a l l o y p r e p a r e d i n t h e u s u a l manner from 5*89 g 
(O.OV+3 g atom) o f ce s ium, 1.86 g ( 0 . 0 4 7 7 g atom) of p o t a s s i u m and 0 . 3 4 8 
g ( 0 . 0 1 5 1 g atom) of sodium i n 250 ml t e t r a h y d r o f u r a n was c o o l e d t o - 6 9 . 5 ° 
whereupon a b l u e c o l o r a p p e a r e d and a m i x t u r e of 8 . 26 g ( 0 . 0 2 6 3 mole) of 
d i - n - b u t y l m e r c u r y and 0 . 4 4 9 g of d e c a l i n was added i n one m i n u t e . The 
c o l o r o f t h e s o l u t i o n t u r n e d from b l u e t o b l a c k d u r i n g t h i s a d d i t i o n . 
The s o l u t i o n was s t i r r e d a t -67*5° f o r t h r e e m i n u t e s and c a . one h a l f of 
t h e s o l u t i o n was c a r b o n a t e d . The r e m a i n d e r of t h e s o l u t i o n was s t i r r e d 
a t Dry I c e - a c e t o n e b a t h t e m p e r a t u r e f o r a n o t h e r n i n e and o n e - h a l f m i n u t e s 
b e f o r e c a r b o n a t i o n . The h y d r o c a r b o n s were s e p a r a t e d by e x t r a c t i o n s w i t h 
e t h e r and v a l e r i c a c i d was o b t a i n e d by a c i d i f i c a t i o n of t h e aqueous p h a s e s 
f o l l o w e d by e t h e r e x t r a c t i o n s . A n a l y s i s by VPC showed t h a t t h e t o t a l 
d e c a l i n r e c o v e r e d i n t h e two f r a c t i o n s was 75*5 p e r c e n t . VPC of t h e a c i d i c 
p r o d u c t a s m e t h y l e s t e r showed t h a t v a l e r i c a c i d was o b t a i n e d ' i n 2 0 . 3 p e r ­
c e n t and 3 ^ . 1 p e r c e n t a b s o l u t e y i e l d s i n t h e f i r s t and t h e s e c o n d f r a c t i o n s , 
r e s p e c t i v e l y . 
I n r u n 2 , a m i x t u r e o f 3*45 g ( 0 . 0 1 1 0 mole) o f d i - n - b u t y l m e r c u r y 
and 0 . 4 6 4 g of d e c a l i n was added i n 40 s e c o n d s t o a s o l u t i o n of ces ium 
a l l o y p r e p a r e d i n t h e u s u a l manner from 5*33 g ( 0 . 0 4 0 1 g atom) of ce s ium, 
1 .76 g ( 0 . 0 4 5 1 g atom) o f p o t a s s i u m , and 0 . 2 2 0 g (O.OO96 g atom) of sodium 
i n 250 ml o f t e t r a h y d r o f u r a n a t - 7 2 ° . The same c o l o r change a s i n r u n 1 
T a b l e 3- R e a c t i o n of 1 - C h l o r o b u t a n e -with Cesium A l l o y s 
M a t e r i a l s and C o n d i t i o n s Run Number 
I I I I I I IV V VI 
1 - C h l o r o b u t a n e g 
(mole) 
I . 6 9 
( 0 . 0 1 8 2 ) 
1.36 
(0.011+7) 
1-39 
( 0 . 0 1 5 0 ) 
3 . 6 8 
( 0 . 0 3 9 7 ) 
3 . 3 1 
( 0 . 0 3 5 8 ) 
3 . 6 7 
( 0 . 0 3 9 7 ) 
Cesium g 
(g atom) ( 0 . 0 3 2 1 ) 
1+.27 
(0.031+0) 
^ • 5 3 
(0.01+16) 
5-5*+ 
(0.01+16) 
1+.88 
( 0 . 0 3 6 8 ) 
5 .62 
(0.01+23) 
P o t a s s i u m g 
(g atom) 
1.1+3 
(0.01+08) 
1.16 
( 0 . 0 3 2 1 ) 
1 .23 
(O.03I+1) 
1 .79 
(0.01+58) 
1 .65 
(0.01+23) 
1.62 
(0.01+15) 
Sodium g 
(g atom) 
0 . 2 3 5 
( 0 . 0 1 0 2 ) 
0 . 2 1 8 
( 0 . 0 0 9 ^ 8 ) 
0 . 2 2 9 
( 0 . 0 0 9 9 6 ) 
M 
RX 
g atom 
p e r mole 1+.25 1+.21 b.37 2.1+6 2.1+7 2 . 3 6 
S o l v e n t THF THF E t 2 0 E t 2 0 Me 2 0 Me 2 0 
T e m p e r a t u r e - 3 8 ± 2° -36° -73 ± 2° c a . -75° c a . -60° 
Time of A d d i t i o n min 8 20 2 . 5 10 0 . 5 5 
Time of S t i r r i n g min 2 2 1 10 9 . 5 10 
A b s o l u t e Y i e l d of Va- 1.77 0.61+ 5 . 5 7 1 9 . 0 5 .68 3 . 9 1 
l e r i c Ac id % 
T a b l e 3 . ( C o n t i n u e d ) 
M a t e r i a l s and C o n d i t i o n s Run Number 
V I I V I I I IX X XI X I I 
1 - C h l o r o b u t a n e g 3 . 1 4 3 . 9 6 3 . 5 4 3 . 5 7 3 . 4 7 2 . 9 7 
(mole) ( 0 . 0 3 3 9 ) ( 0 . 0 4 2 7 ) ( 0 . 0 3 8 2 ) (O.O385) ( 0 . 0 3 7 5 ) ( 0 . 0 3 2 1 ) 
Cesium g 4 . 5 3 5 .74 5 . 1 7 5 .25 5 .14 4 . 3 3 
(g atom) ( 0 . 0 3 4 1 ) ( 0 . 0 4 3 1 ) (O.O389) ( 0 . 0 3 9 5 ) ( 0 . 0 3 8 6 ) ( 0 . 0 3 2 5 ) 
P o t a s s i u m g 1 .48 I . 8 9 I . 6 9 1 .78 1 .71 1 .47 
(g atom) ( 0 . 0 3 7 9 ) ( 0 . 0 4 8 4 ) ( 0 . 0 4 3 3 ) ( 0 . 0 4 5 6 ) ( 0 . 0 4 3 8 ) ( 0 . 0 3 7 7 ) 
Sodium g 0 . 1 9 7 0 . 2 3 0 0 . 2 1 8 0 . 2 1 6 0 . 2 0 8 0 . 1 8 3 
M 
RX 
(g a tom) ( 0 . 0 0 8 5 6 ) ( 0 . 0 1 0 0 ) ( 0 . 0 0 9 ) ( 0 . 0 0 9 ) ( 0 . 0 0 9 ) ( 0 . 0 0 7 9 6 ) 
g atom 
p e r mole 
2 . 3 8 2 . 3 7 2 . 3 9 2 . 4 4 2 . 4 4 2 . 4 3 
S o l v e n t Me 2 0 THF Me 2 0 E t 2 0 Me 2 0 Me 2 0 
T e m p e r a t u r e 
-65 ± 5° -72° -107 ± 8° -95 ± 2° -66 ± 2° - 9 8 ± 2° 
Time of A d d i t i o n min 2 1 0 . 5 2 3 0 . 5 
Time of S t i r r i n g 3 1 4o 10 min 13 5 
A b s o l u t e Y i e l d of Va­ i 13-3 0 . 4 3 3 7 . 7 1 2 . 2 1 * 2 . 1 5 4 . 1 2 
l e r i c A c i d 
P h e n y l a c e t i c Ac id i 1 1 . 0 6 
A b s o l u t e Y i e l d o f 1.33 None T r a c e 
n - O c t a n e 
U n r e a c t e d n-BuCl i None 3 6 . 0 
Ca. 50% of t h e t o t a l a c i d was l o s t due t o s p i l l a g e d u r i n g work u p . The c a r b o n a t i o n was d e -
l a y e d f o r an a d d i t i o n a l 10 min . The c a r b o n a t i o n was d e l a y e d f o r an a d d i t i o n a l 25 min . 
T a b l e 3 . (Conc luded) 
M a t e r i a l s and C o n d i t i o n s Run Number 
X I I I XIV XV 
1 - C h l o r o b u t a n e 
Cesium 
P o t a s s i u m 
Sodium 
M_ 
RX 
D e c a l i n 
S o l v e n t 
T e m p e r a t u r e 
Time of A d d i t i o n 
Time of S t i r r i n g 
A b s o l u t e Y i e l d of Va­
l e r i c A c i d 
A b s o l u t e Y i e l d of 
Oc tane 
U n r e a c t e d n-BuCl 
D e c a l i n Recove red 
(mole) 
g 
(g atom) 
g 
(g atom) 
g 
(g a tom) 
g atom 
p e r mole 
m m 
min 
3-45 
( 0 . 0 3 7 2 ) 
5 -07 
( 0 . 0 3 8 1 ) 
1 .68 
(0 .0U31) 
0 . 2 1 4 
( 0 . 0 0 9 3 0 ) 
2 . 4 3 
0 . 2 5 2 
Me 2 0 
- 9 0 ± 2° 
0 . 7 
10 40 
1.90 O.878 
I . 5 6 1 .19 
1 1 . 1 4 6 . 1 4 
2 8 . 2 
3-20 
( 0 . 0 3 4 5 ) 
4 . 7 3 
( 0 . 0 3 5 6 ) 
1.564 
( o . o 4 o i ) 
0 . 1 9 3 
( 0 . 0 0 8 3 9 ) 
2 . 4 4 
0 . 4 4 1 
THF 
-70° 
3 
3 12 
5 . 3 6 2 . 3 6 
9 -10 9 . 3 6 
. 0 . 0 0 0 . 0 0 
107 
2 . 1 3 
( 0 . 0 2 3 0 ) 
5 . 1 9 
( 0 . 0 3 9 0 ) 
1 .705 
( 0 . 0 4 3 7 ) 
0 . 2 1 1 5 
( 0 . 0 0 9 2 ) 
4 . 0 0 
Me 2 0 
-60 ± 3° 
5-5 
3 23 
I . 7 6 0 . 1 6 
3 . 0 3 0 . 7 5 
0 . 0 0 0 . 0 0 
3 1 
was o b s e r v e d . The s o l u t i o n was s t i r r e d a t -70 ± 2° f o r 15 m i n u t e s and 
c a . one h a l f of i t was c a r b o n a t e d . The r e m a i n d e r of t h e s o l u t i o n was 
s t i r r e d a t -68 ± 2° f o r a n o t h e r hour b e f o r e c a r b o n a t i o n . The c a r b o n a t e d 
p r o d u c t was worked up i n t h e same manner as i n run 1 and gave 1 2 . 3 p e r c e n t 
and 0.1+5 p e r c e n t a b s o l u t e y i e l d s of v a l e r i c a c i d i n f r a c t i o n 1 and 2 , r e ­
s p e c t i v e l y . The u n r e a c t e d d i - n - b u t y l m e r c u r y was r e c o v e r e d i n t h e c o r r e s ­
p o n d i n g f r a c t i o n s i n y i e l d s of 2 7 - 0 p e r c e n t and 0 . 0 7 p e r c e n t . The o v e r a l l 
r e c o v e r y of d e c a l i n was o n l y 2 7 - 6 p e r c e n t . ( D e c a l i n was added t o t h e s o ­
l u t i o n t o s e r v e a s an i n t e r n a l s t a n d a r d f o r t h e s p l i t t i n g of t h e two f r a c ­
t i o n s . However, i t was n o t c o m p l e t e l y r e c o v e r e d a f t e r r e a c t i o n . I n t h e 
c a l c u l a t i o n of y i e l d s an a s s u m p t i o n was made t h a t t h e l o s s of d e c a l i n i n 
e a c h f r a c t i o n was i d e n t i c a l . ) 
I n r u n 3- t h e a l l o y was p r e p a r e d i n t h e u s u a l manner i n 250 ml of 
d i e t h y l e t h e r from 5 .58 g (0.01+19 g atom) of ces ium, I . 8 5 g (0.0-+7-+ g 
a tom) of p o t a s s i u m , and 0 . 2 3 2 g ( 0 . 0 1 0 0 g atom) o f sod ium. The t e m p e r a ­
t u r e was l o w e r e d t o -73° and d i - n - b u t y l m e r c u r y (7*90 g , 0 . 0 2 5 1 mole) was 
added i n 32 s e c o n d s . The u s u a l b l a c k c o l o r was o b s e r v e d . The s o l u t i o n 
was s t i r r e d a t -70° f o r 15 m i n u t e s and c a . one h a l f o f i t was c a r b o n a t e d 
( F r a c t i o n l ) . The r e m a i n d e r o f t h e s o l u t i o n was c a r b o n a t e d ( F r a c t i o n 2) 
a f t e r a n o t h e r 39 m i n u t e s of s t i r r i n g a t - 7 0 ° . A u s u a l work-up gave a b s o ­
l u t e y i e l d s of 3 7 - 0 p e r c e n t of v a l e r i c a c i d and kk.2 p e r c e n t o f u n r e a c t e d 
d i - n - b u t y l m e r c u r y i n t h e f i r s t f r a c t i o n , and 1 1 . 0 p e r c e n t of v a l e r i c a c i d 
and 2 . 2 0 p e r c e n t of u n r e a c t e d d i - n - b u t y l m e r c u r y i n t h e s econd f r a c t i o n . 
I n run k, t h e a l l o y was p r e p a r e d i n t h e v e s s e l w i t h o u t s o l v e n t i n 
t h e way m e n t i o n e d p r e v i o u s l y from 5«25 g ( 0 . 0 3 9 5 g atom) of ce s ium, 1.72 
g (O.Ql+l+l g atom) of p o t a s s i u m , and 0 . 2 1 5 g ( 0 . 0 0 9 g atom) of sod ium. D i -
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m e t h y l e t h e r was t h e n condensed o n t o t h e a l l o y and t h e m i x t u r e was s t i r r e d 
a t b o i l i n g p o i n t ( - 2 3 ° ) o f d i m e t h y l e t h e r f o r one h o u r . At t h e b e g i n n i n g 
o f t h i s s t i r r i n g a p a l e b l u e c o l o r d e v e l o p e d and m e t a l s were f i n e l y d i v i d e d , 
b u t b i g p a r t i c l e s a p p e a r e d n e a r t h e end of t h i s p e r i o d a p p a r e n t l y due t o 
t h e e v a p o r a t i o n and l o s s of t h e s o l v e n t . Some more d i m e t h y l e t h e r was con ­
d e n s e d t o make up t h e l o s t s o l v e n t and t h e m i x t u r e was s t i r r e d a t -23° 
f o r a n o t h e r 30 m i n u t e s t o e n s u r e w e l l d i s p e r s e d m e t a l . The t e m p e r a t u r e 
was l o w e r e d t o -71° and t h e m i x t u r e was s t i r r e d a t -71° f o r 49 m i n u t e s ; 
t h e n 7«20 g ( 0 . 0 2 1 8 mole) of d i - n - b u t y l m e r c u r y was added i n 45 s e c o n d s . 
A d a r k b l a c k c o l o r d e v e l o p e d i n t h e s o l u t i o n from t h e b e g i n n i n g o f t h i s 
a d d i t i o n . The r e s u l t i n g s o l u t i o n was s t i r r e d a t -72° f o r 15 m i n u t e s and 
c a . one h a l f o f i t was c a r b o n a t e d . The r e m a i n d e r o f t h e s o l u t i o n was c a r ­
b o n a t e d a f t e r a n o t h e r 30 m i n u t e s o f s t i r r i n g a t - 7 0 ° . A u s u a l work -up 
gave i n t h e f i r s t f r a c t i o n a b s o l u t e y i e l d s o f O.258 p e r c e n t of v a l e r i c 
a c i d and 1 1 . 6 5 p e r c e n t o f u n r e a c t e d d i - n - b u t y l m e r c u r y , and i n t h e second 
f r a c t i o n O . I 9 8 p e r c e n t o f v a l e r i c a c i d and 7*42 p e r c e n t o f u n r e a c t e d d i -
n - b u t y l m e r c u r y . 
I n r u n 5, t h e a l l o y was p r e p a r e d i n 250 ml o f d i e t h y l e t h e r i n t h e 
u s u a l manner from 2 2 . 1 g ( O . I 6 6 7 g a tom) o f ces ium, 7*28 g ( 0 . 1 8 6 g a tom) 
o f p o t a s s i u m , and O.908 g ( 0 . 0 3 9 5 g atom) o f sod ium. The t e m p e r a t u r e was 
l o w e r e d t o -70° and d i - n - b u t y l m e r c u r y ( 2 9 . 6 g, 0 . 0 9 4 4 mole) was added d r o p -
w i s e o v e r a p e r i o d o f t h r e e m i n u t e s . The t e m p e r a t u r e i n c r e a s e d t o -65° 
t h r o u g h o u t t h i s a d d i t i o n . The m i x t u r e was s t i r r e d a t -70 ± 3° f o r t h r e e 
m i n u t e s and t h e n f o u r a l i q u o t s o f a p p r o x i m a t e l y 0 . 5 ml e a c h were w i t h d r a w n 
i n 12 m i n u t e s f o r nmr a n a l y s i s ( two k e p t a t Dry I c e - a c e t o n e b a t h t e m p e r a ­
t u r e and t h e o t h e r two a t l i q u i d n i t r o g e n t e m p e r a t u r e ) . The r e m a i n d e r of 
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t h e s o l u t i o n was i m m e d i a t e l y c a r b o n a t e d . A u s u a l work -up g a v e , by VPC 
a n a l y s i s , a b s o l u t e y i e l d s of 2 3 . 0 p e r c e n t of v a l e r i c a c i d and 0 . 0 0 5 3 p e r ­
c e n t of u n r e a c t e d d i - n - b u t y l m e r c u r y . The nmr a n a l y s i s d i d n o t show any 
s i g n i f i c a n t a b s o r p t i o n u p f i e l d from TMS. 
R e a c t i o n of 1 - C h l o r o h e p t a n e w i t h Cesium A l l o y 
To a m i x t u r e o f Cs-K-Na a l l o y p r e p a r e d i n t h e u s u a l manner a t -65° 
i n t e t r a h y d r o f u r a n (250 ml) from 5•83 g ( 0 . 0 4 3 9 g atom) of ce s ium, 1 .93 g 
( 0 . 0 4 9 4 g atom) of p o t a s s i u m , and 0 . 2 3 9 g ( 0 . 0 1 0 4 g atom) of sodium was 
added d r o p w i s e o v e r a p e r i o d of 15 m i n u t e s , u n d e r v i g o r o u s s t i r r i n g , a 
s o l u t i o n of 6 . 6 5 g ( 0 . 0 4 9 4 mole) of 1 - c h l o r o h e p t a n e i n 25 ml of t e t r a ­
h y d r o f u r a n . The f i r s t p o r t i o n o f h a l i d e added c a u s e d a c o l o r change i n 
t h e s o l u t i o n from deep b l u e t o r e d d i s h brown and t h e n t o b l a c k ; t h e f i n a l 
c o l o r was p u r p l e . T h i s s o l u t i o n was s t i r r e d a t -65° f o r two m i n u t e s and 
a b o u t one h a l f was c a r b o n a t e d . The r e m a i n i n g s o l u t i o n was s t i r r e d a t -65° 
f o r a n o t h e r 16 m i n u t e s b e f o r e c a r b o n a t i o n . A f t e r decomposing e x c e s s 
m e t a l s by c a u t i o u s a d d i t i o n of w a t e r , t h e n e u t r a l p r o d u c t s were s e p a r a t e d 
by e x t r a c t i o n s w i t h e t h e r and t h e e x t r a c t s washed w i t h w a t e r , d r i e d o v e r 
anhyd rous MgSO^, and f i l t e r e d . Most of t h e s o l v e n t s were removed by d i s ­
t i l l a t i o n t h r o u g h a vacuum j a c k e t e d column p a c k e d w i t h g l a s s h e l i c e s and 
t h e r e s i d u e s a n a l y z e d by VPC. The aqueous p h a s e s were a c i d i f i e d , e x t r a c t e d 
w i t h e t h e r , s o l v e n t s removed i n t h e same way a s t h e n e u t r a l p r o d u c t s , and 
t h e r e s i d u e s r e a c t e d w i t h an e t h e r e a l s o l u t i o n of d i a z o m e t h a n e ; t h e r e s u l t ­
i n g e s t e r s were a n a l y z e d by VPC A n a l y t i c a l r e s u l t s a r e g i v e n i n T a b l e 4 . 
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T a b l e b. A b s o l u t e Y i e l d s o f Ac id and N e u t r a l M a t e r i a l from t h e 
R e a c t i o n o f 1 - C h l o r o h e p t a n e w i t h Cesium A l l o y 
M a t e r i a l Run I Run I I 
P a r t I 
1 
P a r t I I P a r t I 
1 
P a r t I I 
t 
O c t a n o i c a c i d 1.1+9 0 . 8 9 l+.6l 7.^+9 
Hep tane 23 -6 26.1+ 9-17 I . 7 8 
1 -Heptene 13-6 1 3 . 7 2.1+7 0.1+9 
T e t r a d e c a n e 1 1 , 6 1 1 . 7 6 . 0 9 1+.99 
U n r e a c t e d c h l o r i d e 2 8 . 6 0 . 5 ^ 1.1+ 0 . 6 
I n t h e s e c o n d r u n , a p r e v i o u s l y p r e p a r e d Cs-K-Na a l l o y (5*0 m l , 
c a . 0 . 0 9 9 g atom) was i n t r o d u c e d w i t h a p i p e t t e i n t o a 500 ml Morton f l a s k 
e q u i p p e d w i t h a s h o r t h i g h - s p e e d s t i r r e r . T r i m e t h y l a m i n e , Matheson 99 p e r ­
c e n t p u r e r e f l u x e d w i t h b e n z y l c h l o r i d e f o r s i x h o u r s and t h e n s t o r e d i n 
a f r e e z e r o v e r n i g h t . The n e x t day t r i m e t h y l a m i n e was d i s t i l l e d i n t o a 
500 ml r o u n d - b o t t o m e d f l a s k c o n t a i n i n g e x c e s s NaAlH^, and t h e n d i s t i l l e d 
i n t o t h e a l l o y . The m i x t u r e was s t i r r e d a t r e f l u x f o r 30 m i n u t e s and t h i s 
c o l o r l e s s s o l u t i o n was c o o l e d t o - 3 5 ° ; s t i r r i n g was c o n t i n u e d a t -35 ± 5° 
f o r a n o t h e r 30 m i n u t e s . 1 - C h l o r o h e p t a n e (3«28 g, 0.021+1+ mole) was added 
a t -35° i n t h r e e m i n u t e s . The f i r s t p o r t i o n of h a l i d e added c a u s e d an 
i n s t a n t a n e o u s deve lopmen t o f a b l a c k c o l o r . The r e s u l t i n g s o l u t i o n was 
s t i r r e d a t -1+5 ± 5° f o r 12 m i n u t e s and t h e n c a . one h a l f was c a r b o n a t e d . 
The r e m a i n i n g s o l u t i o n was s t i r r e d a t -1+0 ± 5° f o r an a d d i t i o n a l 20 m i n u t e s 
b e f o r e c a r b o n a t i o n . The c a r b o n a t e d p r o d u c t s were worked up i n t h e same 
P r e p a r e d by Dr. James A. P e g o l o t t i w i t h a c o m p o s i t i o n of 7 1 - 8 5 
p e r c e n t Cs , 21+.55 p e r c e n t K, and 3 . 5 9 p e r c e n t Na i n N u j o l . 
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manner a s i n t h e f i r s t r u n and a n a l y z e d by VPC ( s e e T a b l e 4 ) . 
N e o p h y l l i t h i u m 
P r e p a r a t i o n and P h o t o c h e m i s t r y 
20 
N e o p h y l l i t h i u m was p r e p a r e d a c c o r d i n g t o t h e p r o c e d u r e of W i l l i a m s . 
I n r u n 1, i n t o 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d 1 .27 g 
( 0 . 1 8 3 g atom) o f l i t h i u m . A f t e r c o o l i n g t o - 1 0 ° , m e t h y l i o d i d e ( 0 . 6 ml) 
and c a . 20 d r o p s of a s o l u t i o n of 1 1 . 5 g ( 0 . 0 6 8 4 mole) of n e o p h y l c h l o r i d e 
i n 25 ml of d r y t e t r a h y d r o f u r a n was a d d e d . A f t e r s t i r r i n g a t -10 ± 5° f o r 
20 m i n u t e s , t h e s o l u t i o n t u r n e d p i n k i n c o l o r and t h i s c o l o r deepened 
s l i g h t l y w i t h c o n t i n u e d s t i r r i n g . The m i x t u r e was s t i r r e d a t -10 ± 5° f o r 
a t o t a l o f one hour and t h e t e m p e r a t u r e was l o w e r e d t o - 6 5 ° ; t h e r e m a i n i n g 
h a l i d e s o l u t i o n was added d r o p w i s e ove r a p e r i o d of 30 m i n u t e s . The s o l u ­
t i o n t u r n e d y e l l o w b e f o r e t h e c o m p l e t i o n of t h e c h l o r i d e a d d i t i o n . The 
r e s u l t i n g m i x t u r e was s t i r r e d a t -65 ± 5° f o r two and o n e - h a l f h o u r s . At 
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t h i s p o i n t , a n a l y s i s a c c o r d i n g t o t h e method of Gilman showed t h a t o r -
g a n o l i t h i u m compound had been formed i n 58 p e r c e n t y i e l d . The m i x t u r e 
was s t i r r e d a t -65 ± 5° f o r a n o t h e r two h o u r s and t h e n s i p h o n e d u n d e r n i ­
t r o g e n a t m o s p h e r e i n t o a p h o t o c h e m i c a l c e l l f i t t e d w i t h a q u a r t z w e l l f o r 
t h e UV l amp . The s o l u t i o n was i r r a d i a t e d w i t h a 200 w a t t Hanovia lamp a t 
c a . -70° f o r two h o u r s and t h e n was s i p h o n e d i n t o a f l a s k c o n t a i n i n g a 
l a r g e e x c e s s of c r a c k e d Dry I c e . The n e x t day , w a t e r (50 ml) was added t o 
decompose t h e r e m a i n d e r of t h e l i t h i u m , and t h e s o l v e n t s were removed i n 
vacuo a t 35° w a t e r - b a t h t e m p e r a t u r e . E t h e r e x t r a c t i o n o f t h e r e s i d u e gave 
0 . 5 5 8 g ( 0 . 0 0 4 1 7 mo le , 6 . 0 9 p e r c e n t ) of n e u t r a l m a t e r i a l . A c i d i f i c a t i o n 
(35) H. Gilman and H. A. Haube in , J . Am. Chem. S o c , 6 6 , 1515 ( 1 9 4 4 ) . 
Most o f t h e n e u t r a l m a t e r i a l l o s t due t o i n a d e q u a t e work -up p r o c e d u r e . 
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and e t h e r e x t r a c t i o n gave 5-62 g ( 0 . 0 3 1 6 m o l e , 4 6 . 2 p e r c e n t y i e l d ) of 
a c i d i c m a t e r i a l , m . p . 4 2 - 4 7 * 5 ° • A 4 . 3 8 g sample of t h i s a c i d was vacuum 
s u b l i m e d a t 70° a t 150 m i c r o n s and gave 4 . 2 2 g, m . p . 5 2 - 6 0 ° . A m i x t u r e 
m e l t i n g p o i n t of t h i s a c i d and a u t h e n t i c 3 ~ n i e t h y l - 3 - p h e n y l b u t a n o i c a c i d 
( m . p . 58 -59*5° ) was 56-59°* VPC a n a l y s i s o f t h i s a c i d i c p r o d u c t a s m e t h y l 
e s t e r s showed r e l a t i v e y i e l d s of 97*8 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c 
a c i d and 2 . 2 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d . The n e u t r a l 
m a t e r i a l was a l s o s u b j e c t e d t o VPC a n a l y s i s and was found t o c o n t a i n e i g h t 
compounds; o n l y 0 . 2 6 p e r c e n t a b s o l u t e y i e l d of t h e m i x t u r e was i d e n t i f i e d 
a s t - b u t y l b e n z e n e . The r e m a i n i n g components a l l had l o n g e r r e t e n t i o n 
t i m e s t h a n n e o p h y l c h l o r i d e and any of t h e b u t y l b e n z e n e s . 
I n r u n 2 , n e o p h y l l i t h i u m , p r e p a r e d i n c a . 74 p e r c e n t y i e l d i n t h e 
same manner and on t h e same s c a l e a s i n r u n 1 , was a l l o w e d t o s t a n d u n d e r 
an a t m o s p h e r e of d r y n i t r o g e n a t -70° i n t h e same p h o t o c h e m i c a l c e l l u s e d 
above f o r 13 h o u r s and t h e n was i r r a d i a t e d a t -70 ± 5° w i t h a 450 w a t t 
Hanovia lamp f o r 12 h o u r s ; t h e r e s u l t i n g s o l u t i o n was c a r b o n a t e d . The 
n e x t day , w a t e r (100 ml) was added t o t h e m i x t u r e and s o l v e n t s were r e ­
moved and c o l l e c t e d c a u t i o u s l y i n vacuo a t 35° w a t e r - b a t h t e m p e r a t u r e ; t he 
r e s i d u e was e x t r a c t e d w i t h t h r e e 100 ml p o r t i o n s o f e t h e r . The o r g a n i c 
s o l u t i o n s ( r e c o l l e c t e d s o l v e n t s and e t h e r e x t r a c t ) were combined, d r i e d 
o v e r anhyd rous magnesium s u l f a t e and f i l t e r e d . The s o l v e n t s were t h e n r e ­
moved by d i s t i l l i n g t h r o u g h a vacuum j a c k e t e d column p a c k e d w i t h g l a s s 
h e l i c e s f o l l o w e d by d i s t i l l i n g t h r o u g h a T e f l o n s p i n n i n g band column t o 
g i v e a r e s i d u e of 6 . 1 8 g of n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC 
a n a l y s i s , c o n t a i n e d 17 p e r c e n t of t - b u t y l b e n z e n e . A c i d i f i c a t i o n and e t h e r 
e x t r a c t i o n gave 3*84 g ( 3 8 . 2 p e r c e n t a b s o l u t e y i e l d ) of a c i d i c m a t e r i a l , 
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m . p . 5 5 - 9 ° . VPC a n a l y s i s o f t h i s a c i d i c m a t e r i a l a s m e t h y l e s t e r s showed 
r e l a t i v e y i e l d s of 9 8 . 8 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d and 1.2 
p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d . 
I n run 3 , t h e above e x p e r i m e n t was r e p e a t e d and t h e r e was o b t a i n e d 
2 . 3 4 g of n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC c o n t a i n e d 35 p e r c e n t 
a b s o l u t e y i e l d of t - b u t y l b e n z e n e , and 5*73 g o f a c i d i c m a t e r i a l . VPC o f 
t h e m e t h y l e s t e r s showed r e l a t i v e y i e l d s o f 97*3 p e r c e n t 3 - m e t h y l - 3 -
p h e n y l b u t a n o i c a c i d and 2 . 7 p e r c e n t of 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d . 
I n run 4 , n e o p h y l l i t h i u m was p r e p a r e d i n 80 p e r c e n t y i e l d i n t h e 
same manner and on t h e same s c a l e e x c e p t t h a t t w o f o l d e x c e s s of l i t h i u m 
and 300 ml r a t h e r t h a n 250 ml o f t e t r a h y d r o f u r a n were u s e d . An a l i q u o t 
o f 200 ml of t h e s o l u t i o n was t r a n s f e r r e d w i t h a p i p e t t e i n t o t h e r e g u l a r 
p h o t o c h e m i c a l c e l l u n d e r n i t r o g e n a t m o s p h e r e and was a l l o w e d t o s t a n d a t 
-73 ± 3° f o r 24 h o u r s w i t h l i g h t o f f b e f o r e c a r b o n a t i o n . The r e m a i n d e r 
of t h e s o l u t i o n ( c a . 80 ml) was i m m e d i a t e l y c a r b o n a t e d . A u s u a l work-up 
gave i n t h e s h o r t t i m e p o r t i o n 0 . 2 8 l g ( 0 . 0 0 2 0 9 mo le , 13*1 p e r c e n t ) o f 
n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC, gave 87*4 p e r c e n t r e l a t i v e y i e l d 
o f t - b u t y l b e n z e n e , and 2 . 0 8 g ( 0 . 0 1 1 7 mole , 73*5 p e r c e n t ) of a c i d i c ma­
t e r i a l , m . p . 4 8 - 5 7 . 5 ° • The c a r b o n a t i o n p r o d u c t a f t e r 2k h o u r s o f s t a n d i n g 
was worked up i n t h e same manner t o g i v e 5*19 g ( 0 . 0 2 9 2 mo le , 6 6 . 7 p e r ­
c e n t ) o f a c i d i c m a t e r i a l , m . p . 5 2 - 5 7 - 5 ° . and 1 .17 g ( 0 . 0 0 8 7 3 mole , 2 0 . 0 
p e r c e n t ) of n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC, gave 8 1 . 3 p e r c e n t 
r e l a t i v e y i e l d of t - b u t y l b e n z e n e . 
I n r u n 5, n e o p h y l l i t h i u m p r e p a r e d i n 8 6 . 1 p e r c e n t y i e l d from 2 0 . 4 
g ( 0 . 1 2 1 mole ) o f n e o p h y l c h l o r i d e and 3 . 9 6 g ( 0 - 5 7 1 g atom) of l i t h i u m 
i n t h e u s u a l manner a t -60° i n 500 ml of t e t r a h y d r o f u r a n was s t i r r e d a t 
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- 6 3 ± 2° f o r a n o t h e r two h o u r s . Then c a . one h a l f of t h i s s o l u t i o n was 
t r a n s f e r r e d t h r o u g h a s i p h o n t u b e packed l o o s e l y w i t h g l a s s wool a p p r o x i ­
m a t e l y one i n c h i n l e n g t h i n t o t h e r e g u l a r p h o t o c h e m i c a l c e l l a t -65° 
o v e r a p e r i o d of 90 m i n u t e s and t h i s s o l u t i o n was i r r a d i a t e d w i t h a 450 
w a t t Hanovia lamp a t -74 ± 5° f o r 13l? b e f o r e c a r b o n a t i o n . The r e m a i n d e r 
of t h e n e o p h y l l i t h i u m s o l u t i o n was t r a n s f e r r e d i n t o a n o t h e r p h o t o c h e m i c a l 
c e l l i n t h e same manner u n d e r s i m i l a r c o n d i t i o n s and t h i s s o l u t i o n was 
a l l o w e d t o s t a n d w i t h l i g h t o f f a t t h e same t e m p e r a t u r e f o r t h e same l e n g t h 
of t i m e a s t h e p o r t i o n f o r p h o t o c h e m i c a l r e a c t i o n b e f o r e c a r b o n a t i o n . A 
u s u a l work-up g a v e , i n t h e p h o t o c h e m i c a l r e a c t i o n , 4 . 8 9 g ( 0 . 0 2 7 5 mole) 
of a c i d i c m a t e r i a l , m . p . 4 8 - 6 0 . 5 % and 3*37 g ( 0 . 0 2 5 1 mole) of n e u t r a l ma­
t e r i a l and , i n t h e t h e r m o d e c o m p o s i t i o n r e a c t i o n , 7*79 g ( 0 . 0 4 3 8 mole) o f 
a c i d i c m a t e r i a l , m .p . 3 8 - 5 9 % and 6.5*+ g ( 0 . 0 4 8 8 mole) of n e u t r a l m a t e r i a l . 
The a c i d i c p r o d u c t s were a n a l y z e d by VPC as m e t h y l e s t e r s and were found 
t o g i v e , i n t h e p h o t o c h e m i c a l r e a c t i o n , r e l a t i v e y i e l d s of 97 p e r c e n t 3 -
p h e n y l - 3 - m e t h y l b u t a n o i c a c i d and t h r e e p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o ­
p a n o i c a c i d and , i n t h e t h e r m o d e c o m p o s i t i o n r e a c t i o n , 9 6 . 5 p e r c e n t 3 -
p h e n y l - 3 - m e t h y l b u t a n o i c a c i d and 3*5 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c 
a c i d . 
S t a b i l i t y and Rea r r angemen t 
I n r u n 1 , t h e r e a c t i o n of 1 0 . 3 g (O.O613 mole) o f n e o p h y l c h l o r i d e 
w i t h 1 .80 g ( 0 . 2 5 9 g atom) o f l i t h i u m m e t a l i n 250 ml o f t e t r a h y d r o f u r a n 
was i n i t i a t e d i n t h e u s u a l manner a t - 1 0 ° . Then t h e t e m p e r a t u r e was 
l o w e r e d t o -62° and t h e r e m a i n d e r of t h e c h l o r i d e s o l u t i o n was added d r o p -
w i s e o v e r a p e r i o d o f 30 m i n u t e s . A y e l l o w i s h g r e e n c o l o r d e v e l o p e d i n 
t h e s o l u t i o n n e a r t h e end of t h i s a d d i t i o n . The s t i r r i n g was c o n t i n u e d 
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a t -60 ± 2° f o r f i v e m i n u t e s * a n d t h e f i r s t a l i q u o t of 25 ml of t h e s o l u ­
t i o n was c a r b o n a t e d . The t e m p e r a t u r e was l o w e r e d t o -70° and t h e s o l u t i o n 
was s t i r r e d a t -70 ± 5° f o r f o u r h o u r s b e f o r e a s e c o n d a l i q u o t of 25 ml 
was c a r b o n a t e d . A f t e r a n o t h e r f o u r h o u r s of s t i r r i n g a t -70 ± 5 ° ; t h e 
f i n a l ( t h i r d ) f r a c t i o n of t h e s o l u t i o n was c a r b o n a t e d . A u s u a l work-up 
y i e l d e d O.O789 g ( 0 . 0 0 0 4 4 3 mole , 7 2 - 3 p e r c e n t ) , 0 . 0777 g ( 0 . 0 0 0 4 3 6 mole , 
7 1 . 2 p e r c e n t ) , and 0 . 0 7 5 0 g ( 0 . 0 0 0 4 2 1 mole , O.865 p e r c e n t ) o f c r y s t a l l i n e 
a c i d i c m a t e r i a l i n f r a c t i o n s 1 , 2 , and 3 , r e s p e c t i v e l y . VPC of m e t h y l 
e s t e r s showed r e l a t i v e y i e l d s of 93*6 p e r c e n t , 9 4 . 5 p e r c e n t , and 9 6 . 1 p e r ­
c e n t 3 ~ m e t h y l - 3 - p h e n y l - b u t a n o i c a c i d i n f r a c t i o n s 1 , 2 , and 3 , r e s p e c ­
t i v e l y ; t h e r e l a t i v e y i e l d s of 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d i n t h e 
c o r r e s p o n d i n g f r a c t i o n s were 6 . 4 0 p e r c e n t , 5*54 p e r c e n t , and 3 . 8 9 p e r ­
c e n t , r e s p e c t i v e l y . 
I n r u n 2 , t h e r e a c t i o n of n e o p h y l c h l o r i d e ( 1 0 . 2 g, O.O605 mole) 
and l i t h i u m m e t a l ( 1 . 8 2 g, 0 . 2 6 2 g atom) i n 250 ml o f t e t r a h y d r o f u r a n was 
i n i t i a t e d i n t h e u s u a l manner a t - 1 0 ° . Then t h e t e m p e r a t u r e was l o w e r e d 
t o -65° and t h e r e m a i n i n g c h l o r i d e s o l u t i o n was added d r o p w i s e o v e r a 
p e r i o d of 15 m i n u t e s . The s t i r r i n g was c o n t i n u e d a t -65 ± 3° f o r two 
h o u r s and a f i r s t a l i q u o t of 25 ml of t h e s o l u t i o n was c a r b o n a t e d . The 
r e m a i n i n g s o l u t i o n was warmed t o -50° and s t i r r i n g was c o n t i n u e d a t -50 ± 3° 
f o r 15 m i n u t e s b e f o r e a s e c o n d a l i q u o t o f 25 ml o f t h e s o l u t i o n was c a r b o n ­
a t e d . The t e m p e r a t u r e of t h e o r i g i n a l r e a c t i o n v e s s e l was r a i s e d t o -40° 
and t h e s o l u t i o n was s t i r r e d a t -40 ± 3° f o r 15 m i n u t e s ; a t h i r d a l i q u o t 
of 25 ml was c a r b o n a t e d . The r e m a i n d e r of t h e o r g a n o l i t h i u m s o l u t i o n was 
P r o d u c t was l o s t due t o s p i l l a g e d u r i n g w o r k - u p . 
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s t i r r e d a t -40 ± 3° f o r an a d d i t i o n a l two h o u r s b e f o r e c a r b o n a t i o n ( f r a c ­
t i o n 4 ) . A u s u a l work-up gave 1 .09 g ( 0 . 0 0 6 l 4 mole , 8 l . 2 p e r c e n t ) , 1 .08 
g ( 0 . 0 0 6 0 7 mole , 8 0 . 2 p e r c e n t ) , 1 .07 g ( 0 . 0 0 5 9 9 mo le , 79-2 p e r c e n t ) , and 
5.O3 g ( 0 . 0 2 8 2 mole , 7 4 . 7 p e r c e n t ) o f c r y s t a l l i n e a c i d i c m a t e r i a l i n 
f r a c t i o n s 1 , 2 , 3> and 4 , r e s p e c t i v e l y . VPC of t h e m e t h y l e s t e r s showed 
r e l a t i v e y i e l d s o f 9 4 . 0 p e r c e n t , 9^*8 p e r c e n t , 9^*8 p e r c e n t , and 96.k 
p e r c e n t 3 ~ m e t h y l - 3 - p h e n y l b u t a n o i c a c i d i n f r a c t i o n s 1, 2 , 3> and 4 , r e ­
s p e c t i v e l y ; t h e r e l a t i v e y i e l d s of 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d i n 
t h e c o r r e s p o n d i n g f r a c t i o n s were 6.0k p e r c e n t , 5*20 p e r c e n t , 5 .22 p e r c e n t , 
and 3*^5 p e r c e n t , r e s p e c t i v e l y . 
I n run 3> t h e r e a c t i o n o f 1 0 . 0 g ( 0 . 0 5 9 3 mole) of n e o p h y l c h l o r i d e 
w i t h l . l 4 g ( 0 . 1 6 4 g atom) of l i t h i u m i n 250 ml of t e t r a h y d r o f u r a n was 
i n i t i a t e d i n t h e u s u a l manner a t -10° and t h e n t h e r e m a i n i n g h a l i d e s o l u ­
t i o n was added a t -10° d r o p w i s e o v e r a p e r i o d o f 32 m i n u t e s . A l i g h t 
y e l l o w c o l o r d e v e l o p e d a t t h e b e g i n n i n g o f t h i s a d d i t i o n and deepened t o 
o r a n g e n e a r t h e end of a d d i t i o n . The s t i r r i n g was c o n t i n u e d a t -15° f o r 
two m i n u t e s and t h e n a f i r s t a l i q u o t o f 50 ml of t h e s o l u t i o n was c a r b o ­
n a t e d . The r e m a i n d e r of t h e s o l u t i o n was a l l o w e d t o s t a n d f o r t h r e e 
m i n u t e s and t h e n s t i r r e d a t -10 ± 2° f o r 30 m i n u t e s b e f o r e c a r b o n a t i o n . 
The c a r b o n a t i o n p r o d u c t s were worked up i n t h e u s u a l manner y i e l d i n g i n 
t h e f i r s t p o r t i o n O.Jlk g ( 0 . 0 0 4 0 1 mole , 3 3 - 1 p e r c e n t y i e l d ) and i n t h e 
s econd p o r t i o n 4 . 7 5 g ( 0 . 0 2 6 7 mo le , 6 3 . 1 p e r c e n t y i e l d ) o f c r y s t a l l i n e 
a c i d i c m a t e r i a l . VPC of t h e m e t h y l e s t e r s showed r e l a t i v e y i e l d s of 1 .13 
p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d and 9 8 . 3 p e r c e n t 3 ~ m e t h y l - 3 -
p h e n y l b u t a n o i c a c i d i n f r a c t i o n 1 and I . 6 9 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l -
p r o p a n o i c a c i d and 97*2 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d i n f r a c t i o n 
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2 . The n e u t r a l m a t e r i a l i n t e t r a h y d r o f u r a n s o l u t i o n was a n a l y z e d by VPC 
and found t o g i v e 0 . 0 8 8 g (O.OOO656 mo le , 5*42 p e r c e n t ) of t - b u t y l b e n z e n e , 
0 . 0 ^ 9 g (O.OOO363 mole , 3 . 0 0 p e r c e n t ) o f i - b u t y l b e n z e n e , and O .99I g 
(O.OO587 mole , 4 8 . 5 p e r c e n t ) o f u n r e a c t e d c h l o r i d e i n f r a c t i o n 1 and 
0 . 8 7 4 g (O.OO652 mole , 1 3 . 8 p e r c e n t ) o f t - b u t y l b e n z e n e , 0 . 3 7 2 g ( 0 . 0 0 2 7 7 
mo le , 5 .87 p e r c e n t ) of i - b u t y l b e n z e n e and 1 .068 g (O.OO633 mole , 1 3 . 4 p e r ­
c e n t ) o f u n r e a c t e d c h l o r i d e i n f r a c t i o n 2 . 
I n r u n 4 , n e o p h y l l i t h i u m was p r e p a r e d a t -65° from 1 0 . 1 g ( 0 . 0 5 9 7 
mole) of n e o p h y l c h l o r i d e and 1 .39 g ( 0 . 2 0 0 g atom) o f l i t h i u m i n t h e same 
way a s t h o s e d e s c r i b e d i n p r e v i o u s s e c t i o n s . Then a f i r s t a l i q u o t of 50 
ml of t h e s o l u t i o n was c a r b o n a t e d and t h e r e m a i n d e r of t h e s o l u t i o n was 
a l l o w e d t o warm up t o i c e - b a t h t e m p e r a t u r e ( 4 ° ) and s t a n d w i t h o u t s t i r r i n g 
a t 4° f o r f o u r h o u r s b e f o r e c a r b o n a t i o n . A u s u a l work-up gave i n t h e f i r s t 
f r a c t i o n 1 .84 g ( 0 . 0 1 0 3 mole , 7 4 . 6 p e r c e n t y i e l d ) and i n t h e s econd f r a c ­
t i o n 0 . 6 3 4 g (O.OO356 mo le , 7 . 7 6 p e r c e n t ) o f a c i d i c m a t e r i a l . These 
a c i d i c p r o d u c t s were a n a l y z e d a s m e t h y l e s t e r s by VPC and were found t o 
g i v e r e l a t i v e y i e l d s of 9 2 . 5 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d ( r e l a ­
t i v e r e t e n t i o n t i m e 1 . 0 0 ) , 5 .60 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c 
a c i d ( r e l a t i v e r e t e n t i o n t i m e 0 . 7 9 ) and two p e r c e n t o f two u n i d e n t i f i e d 
compounds ( 1 . 0 5 p e r c e n t a t O .87 , 0 . 9 7 p e r c e n t a t 1 .37) i n f r a c t i o n 1 ; t h e 
a c i d s i n f r a c t i o n 2 a r e g i v e n i n r e l a t i v e y i e l d s ( r e l a t i v e r e t e n t i o n t i m e ) : 
5 0 . 4 p e r c e n t ( 0 . 8 6 ) , 1 8 . 7 p e r c e n t ( 1 . 0 0 ) , 2 9 - 2 p e r c e n t ( 1 - 3 7 ) . The n e u ­
t r a l m a t e r i a l was a l s o s u b j e c t e d t o VPC a n a l y s i s and found t o g i v e i n t h e 
f i r s t f r a c t i o n 0 . 0 9 3 5 g (O.OOO698 mole , 5 .06 p e r c e n t y i e l d ) of t - b u t y l ­
b e n z e n e , 0 . 0 4 1 5 g ( 0 . 0 0 0 3 0 9 mole , 2 . 2 4 p e r c e n t y i e l d ) o f i - b u t y l b e n z e n e , 
and 0 . 1 5 1 g ( 6 . 4 7 p e r c e n t ) of u n r e a c t e d c h l o r i d e , and i n t h e s e c o n d f r a c -
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t i o n 4 . 7 4 g ( 0 . 0 3 5 4 mole , 7 7 - 1 p e r c e n t ) of t - b u t y l b e n z e n e , 0 . 4 8 4 g (O.OO361 
m o l e , 7 . 8 7 p e r c e n t ) of _ i - b u t y l b e n z e n e , and 0 . 2 2 7 g ( 2 . 9 2 p e r c e n t ) o f u n r e ­
a c t e d c h l o r i d e . 
E f f e c t of N , N , N ' , N ' - T e t r a m e t h y l e t h y l e n e d i a m i n e (TMEDA) 
To a s o l u t i o n of n e o p h y l l i t h i u m , p r e p a r e d a t -65° i n 500 ml o f 
t e t r a h y d r o f u r a n i n t h e u s u a l manner from 2 0 . 8 g ( 0 . 1 2 3 mole) o f n e o p h y l 
c h l o r i d e and I . 9 8 g (O.285 g atom) of l i t h i u m , was added N , N , N ' , N ' - t e t r a -
m e t h y l e t h y l e n e d i a m i n e ( l 4 . 4 g, 0 . 1 2 4 mole) a t -65° i n one m i n u t e . The 
m i x t u r e was s t i r r e d a t h i g h s p e e d a t -65 ± 5° f o r a n o t h e r f o u r m i n u t e s and 
t h e n t h e t e m p e r a t u r e was r a i s e d g r a d u a l l y t o -30° o v e r a p e r i o d o f two 
h o u r s . S t i r r i n g was c o n t i n u e d a t -30 ± 5° f o r an a d d i t i o n a l two h o u r s and 
t h e n t h e r e s u l t i n g s o l u t i o n was s i p h o n e d i n t o a f l a s k c o n t a i n i n g e x c e s s 
s o l i d c a r b o n d i o x i d e . A u s u a l work-up y i e l d e d l 6 . 8 g ( 0 . 0 9 4 4 mo le , 7 6 . 7 
p e r c e n t y i e l d ) o f a c i d i c m a t e r i a l , m . p . 55~59% m i x t u r e m . p . w i t h a u t h e n ­
t i c 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d : 5 1 - 8 ° . The m i x t u r e of a 1 :1 r a t i o o f 
t h i s a c i d i c p r o d u c t and 2 - p h e n y l - 2 - m e t h y l b u t a n o i c a c i d m e l t e d a t room 
t e m p e r a t u r e . VPC a n a l y s i s o f t h e m e t h y l e s t e r s showed r e l a t i v e y i e l d s o f 
9 7 . 8 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d and 2 . 2 p e r c e n t 2 , 2 - d i m e t h y l -
3 - p h e n y l p r o p a n o i c a c i d . The n e u t r a l p r o d u c t was n o t a n a l y z e d . 
I n t h e s econd r u n , e x c e s s (150 ml , 1 .00 mole) TMEDA was added o v e r 
a two m i n u t e p e r i o d t o a s o l u t i o n o f n e o p h y l l i t h i u m p r e p a r e d i n t h e u s u a l 
way from 1 0 . 0 g o f n e o p h y l c h l o r i d e and 1 .11 g o f l i t h i u m i n 250 ml of 
t e t r a h y d r o f u r a n a t - 6 5 ° . Then t h i s y e l l o w s o l u t i o n was warmed t o -20° 
u n d e r v i g o r o u s s t i r r i n g o v e r a p e r i o d o f 20 m i n u t e s and s t i r r i n g was c o n ­
t i n u e d a t -20° f o r one h o u r b e f o r e an a l i q u o t o f 50 ml was c a r b o n a t e d . 
The r e m a i n d e r of t h e s o l u t i o n was c a r b o n a t e d a f t e r a n o t h e r two h o u r s o f 
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s t i r r i n g a t - 2 0 ° . A u s u a l work-up gave 1 .17 g (O.OO658 m o l e , 8 2 . 0 p e r ­
c e n t ) and 4 . 4 2 g ( 0 . 0 2 4 8 mo le , 51*6 p e r c e n t ) of a c i d i c p r o d u c t s i n f r a c ­
t i o n s 1 and 2 , r e s p e c t i v e l y . VPC of b o t h a c i d i c p r o d u c t s ( a s m e t h y l 
e s t e r s ) and n e u t r a l p r o d u c t s showed t h a t t h e r e were p r o d u c e d i n t h e f i r s t 
f r a c t i o n 1 . 0 1 g (O.OO569 mole , 7 0 . 8 p e r c e n t ) of 3 - m e t h y l - 3 - p h e n y l b u t a n o i c 
a c i d , 0 . 0 1 5 1 g ( 0 . 0 0 0 0 8 4 mole , 1.0 p e r c e n t ) of 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o -
p a n o i c a c i d , 0 . 0 7 7 2 g ( 0 . 0 0 0 5 7 6 mole , 7 . 1 8 p e r c e n t ) of t - b u t y l b e n z e n e , 
0 . 0 2 8 5 g (0 .000212 mo le , 2 . 6 4 p e r c e n t ) of i - b u t y l b e n z e n e , O.OO65O g ( 0 . 4 8 
p e r c e n t ) of u n r e a c t e d c h l o r i d e , and a t o t a l of 6 . 5 p e r c e n t o f t h r e e u n i d e n t i ­
f i e d compounds and i n t h e s econd f r a c t i o n 2 . 9 3 g (O.OI65 mole , 3 4 . 3 p e r ­
c e n t ) of 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d , 1 .70 g ( 0 . 0 1 2 7 mole , 2 6 . 4 p e r c e n t ) 
of t - b u t y l b e n z e n e , O .36I g ( 0 . 0 0 2 7 0 mole , 5 .48 p e r c e n t ) o f i - b u t y l b e n z e n e , 
t o g e t h e r w i t h some 1.9 p e r c e n t of t h r e e u n i d e n t i f i e d compounds. N e i t h e r 
2 , 2 - d i m e t h y l - 3 ~ p h e n y l p r o p a n o i c a c i d n o r u n r e a c t e d c h l o r i d e was found i n 
t h e s e c o n d f r a c t i o n . 
E f f e c t o f Absence o f M e t h y l I o d i d e 
The r e a c t i o n of a normal s c a l e ( 1 0 . 0 g) of n e o p h y l c h l o r i d e w i t h 
l i t h i u m ( 0 . 9 6 4 g, 0 . 1 3 9 g atom) i n 250 ml o f t e t r a h y d r o f u r a n was i n i t i a t e d 
a t -10° (by r e a c t i n g a s m a l l p o r t i o n ( c a . 4 p e r c e n t ) o f t h e h a l i d e w i t h L i ) 
i n two h o u r s i n t h e a b s e n c e o f m e t h y l i o d i d e . Then t h e t e m p e r a t u r e was 
l o w e r e d t o -65° and t h e r e m a i n i n g h a l i d e s o l u t i o n was added d r o p w i s e o v e r 
a p e r i o d o f 30 m i n u t e s , and s t i r r i n g was c o n t i n u e d a t -67 ± 3° f o r a n o t h e r 
f o u r h o u r s b e f o r e c a r b o n a t i o n . The c a r b o n a t e d p r o d u c t y i e l d e d some 6 . 8 9 g 
(O.O387 mole , 6 5 . 4 p e r c e n t y i e l d ) of s o l i d a c i d i c m a t e r i a l wh ich , a c c o r d ­
i n g t o VPC of m e t h y l e s t e r s , gave r e l a t i v e y i e l d s o f 9 1 . 6 p e r c e n t 3 - m e t h y l -
3 - p h e n y l b u t a n o i c a c i d , 6 . 0 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d , 
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t o g e t h e r w i t h some 2 . 4 p e r c e n t of two u n i d e n t i f i e d a c i d s . The n e u t r a l 
p r o d u c t was a n a l y z e d by q u a n t i t a t i v e VPC and found t o y i e l d 0 . 6 0 1 g ( 0 . 0 0 4 4 8 
mo le , 7 -57 p e r c e n t ) o f t - b u t y l b e n z e n e , 0 . 1 5 9 g ( 0 . 0 0 1 1 9 mo le , 2 . 0 0 p e r c e n t ) 
of i - b u t y l b e n z e n e , 1 . 4 l g ( l 4 . 1 p e r c e n t ) of u n r e a c t e d c h l o r i d e , and 0 . 1 5 5 
g ( 1 - 9 5 p e r c e n t ) of an u n i d e n t i f i e d compound. 
E f f e c t of P r e s e n c e of One P e r c e n t of Sodium i n L i t h i u m M e t a l 
I n t o 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d 0 . 9 5 5 
g ( O . I 3 8 g atom) of l i t h i u m m e t a l c o n t a i n i n g one p e r c e n t sodium and a 
s m a l l p o r t i o n ( c a . 4 p e r c e n t ) o f a s o l u t i o n o f 1 0 . 1 g ( 0 . 0 5 9 7 mole) of 
n e o p h y l c h l o r i d e i n 25 ml of d r y t e t r a h y d r o f u r a n . The t e m p e r a t u r e was 
l o w e r e d t o -65° and t h e m i x t u r e was s t i r r e d a t -65° f o r two h o u r s . While 
t h e r e was no s i g n o f i n i t i a t i o n , t h e t e m p e r a t u r e was r a i s e d t o -10° and 
t h e m i x t u r e was s t i r r e d f o r a n o t h e r two h o u r s . Even t h o u g h t h e r e was no 
c o l o r a p p e a r a n c e t o i n d i c a t e t h e i n i t i a t i o n , t h e t e m p e r a t u r e was l o w e r e d 
t o -65° and t h e r e m a i n i n g h a l i d e s o l u t i o n was added d r o p w i s e o v e r a p e r i o d 
o f 40 m i n u t e s . S t i r r i n g was c o n t i n u e d a t -65 ± 5° f o r a n o t h e r f o u r h o u r s 
and t h e n t h e s o l u t i o n was c a r b o n a t e d . The c a r b o n a t e d p r o d u c t y i e l d e d 6 . 3 6 
g ( 0 . 0 3 5 7 mo le , 5 9 . 8 p e r c e n t y i e l d ) of c r y s t a l l i n e a c i d i c m a t e r i a l , m . p . 
5 2 - 5 7 - 5 ° • and some n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o q u a n t i t a t i v e VPC, 
p r o d u c e d 0 -503 g ( 0 . 0 0 3 7 5 mole , 6 . 2 9 p e r c e n t ) o f t - b u t y l b e n z e n e , O . I 6 9 g 
( 0 . 0 0 1 2 6 mole , 2 . 1 1 p e r c e n t ) o f i - b u t y l b e n z e n e , 0 . 4 l 2 g ( 4 . 0 8 p e r c e n t ) of 
u n r e a c t e d c h l o r i d e , and some one p e r c e n t of an u n i d e n t i f i e d compound. 
The a c i d i c p r o d u c t ( a s m e t h y l e s t e r s ) was a n a l y z e d by VPC and found t o 
g i v e r e l a t i v e y i e l d s o f 95 -2 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d and 
4 . 8 4 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d . 
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E f f e c t s of I o d i n e and H a l i d e s 
To a s o l u t i o n o f n e o p h y l l i t h i u m p r e p a r e d i n c a . 75 p e r c e n t y i e l d 
i n t h e u s u a l manner a t -65° from 1 0 . 0 g ( 0 . 0 5 9 5 mole) of n e o p h y l c h l o r i d e 
and 0 . 9 2 0 g ( 0 . 1 3 3 g atom) o f l i t h i u m i n t e t r a h y d r o f u r a n was added a s o l u ­
t i o n o f 3 . 8 2 g ( 0 . 0 1 5 2 mole) of i o d i n e i n 20 ml of d r y t e t r a h y d r o f u r a n 
d r o p w i s e a t -65° o v e r a p e r i o d of 11 m i n u t e s . Both t h e brown c o l o r of 
I^-THF and y e l l o w c o l o r of n e o p h y l l i t h i u m d i s a p p e a r e d a s soon a s t h e two 
were mixed t o g e t h e r . The t e m p e r a t u r e d r o p p e d 4° t h r o u g h o u t t h i s a d d i t i o n . 
The s o l u t i o n was s t i r r e d a t -65° f o r a n o t h e r 15 m i n u t e s and t h e n an a l i q u o t 
of 25 ml o f t h e l i g h t c o l o r e d s o l u t i o n was c a r b o n a t e d . The r e m a i n i n g s o ­
l u t i o n was s t i r r e d a t -65 ± 5° f o r an a d d i t i o n a l 49 m i n u t e s b e f o r e c a r b o ­
n a t i o n . The c a r b o n a t e d p r o d u c t s were worked up i n t h e u s u a l manner and 
t h e r e s u l t s a r e g i v e n i n T a b l e 5« 
N e o p h y l l i t h i u m , p r e p a r e d i n t h e u s u a l manner a t -65° from 2 0 . 1 g 
( 0 . 1 1 9 mole) of n e o p h y l c h l o r i d e and 1 .86 g ( 0 . 2 6 8 g atom) of l i t h i u m i n 
t e t r a h y d r o f u r a n was warmed t o -10° and s t i r r e d a t -10 ± 5° f o r one h o u r . 
The r e a c t i o n t e m p e r a t u r e was a g a i n l o w e r e d t o -65° and a b o u t 10 p e r c e n t 
o f t h e s o l u t i o n was c a r b o n a t e d ( f r a c t i o n 1 ) . The r e m a i n d e r o f t h e s o l u ­
t i o n was t h e n d i v i d e d i n t o two p a r t s of a p p r o x i m a t e l y e q u a l volumes and t o 
one o f t h e s e was added 4 . 4 3 g ( 0 . 0 2 8 4 mole) of e t h y l i o d i d e which c a u s e d 
a r i s e of t e m p e r a t u r e from c a . -60° t o -45° d u r i n g a d d i t i o n , and i n t o 
a n o t h e r h a l f was added 4 . 7 9 g ( 0 . 0 2 8 3 mole) of n e o p h y l c h l o r i d e a t c a . 
- 6 5 ° • One h a l f of t h e s o l u t i o n i n which e t h y l i o d i d e had been added was 
c a r b o n a t e d ( f r a c t i o n I I ) i m m e d i a t e l y a f t e r t h e s o l u t i o n had b e e n w e l l 
A c c o r d i n g t o Gilman t i t r a t i o n . 
be 
T a b l e 5 . N e o p h y l l i t h i u m , E f f e c t s of I o d i n e 
Neophyl C h l o r i d e 1 0 . 0 g ( 0 . 0 5 9 mole) 
L i t h i u m M e t a l 0 . 9 2 0 g ( 0 . 1 3 2 6 g atom) 
M e t h y l I o d i d e 0 . 6 ml 
S t i r r i n g a t -10* min 60 
R e a c t i o n T e m p e r a t u r e 
-65° 
Time o f A d d i t i o n min 33 
Time of S t i r r i n g a t -65° 5 h o u r s 
I 2 a t -65° 0 0 .0152 mole 
A 
R e a c t i o n Time a f t e r 1^ A d d i t i o n 15 min 6b min 
Y i e l d of Crude Ac ids % 7 6 . 0 b I 6 . 0 7 * * b 10.1+2 b 
PhCMe 2CH 2C0 2H % 3 2 . 2 a c a . 2 . 6 a 3 . 6 5 a 
PhCH 2CMe 2C0 2H % 1 . 5 2 a c a . 0 . 0 2 a o . o 8 i a 
t - B u t y l b e n z e n e % 7 . 8 8 a 1 1 . 1 3 a 9 - 8 3 a 
j l - B u t y l b e n z e n e % 3 . 0 2 a 2 . 7 8 a 2 . 3 1 a 
Neophyl C h l o r i d e % l l . l + a 8 . 5 8 a l+.l+5 a 
-* 
High M.W. Hydroca rbons g 
2 . 0 6 f 0 . 2 1 7 0 . 1 2 2 
6 . 7 1 - f O.OO563 0.1+99 2 . 6 1 9 
8.1+7 f 0 .0312 O . I 9 6 
1 1 . 7 6 f 0.001+1 0 . 0 3 7 
By w e i g h t 
•* 
Some m a t e r i a l was l o s t due t o s p i l l a g e d u r i n g w o r k - u p . 
f 
R e l a t i v e r e t e n t i o n t i m e b a s e d on n e o p h y l c h l o r i d e = 1 . 0 0 . 
Q u a n t i t a t i v e VPC u s i n g e x t e r n a l s t a n d a r d s b a s e d on c a l i b r a t i o n c u r v e , a b s o l u t e y i e l d . 
b B y i s o l a t i o n , a b s o l u t e y i e l d s 
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mixed and t h e r e m a i n d e r was a l l o w e d t o s t a n d a t t h e Dry I c e - a c e t o n e b a t h 
t e m p e r a t u r e f o r 15 m i n u t e s b e f o r e c a r b o n a t i o n ( f r a c t i o n I V ) . The p o r t i o n 
i n which n e o p h y l c h l o r i d e had b e e n added was a l l o w e d t o s t a n d a t Dry I c e -
a c e t o n e b a t h t e m p e r a t u r e f o r 15 m i n u t e s and t h e n one h a l f o f i t was c a r ­
b o n a t e d ( f r a c t i o n I I I ) ; t h e r e m a i n d e r of t h e s o l u t i o n was a l l o w e d t o s t a n d 
a t t h e same t e m p e r a t u r e f o r an a d d i t i o n a l 45 m i n u t e s b e f o r e c a r b o n a t i o n 
( f r a c t i o n V ) . The c a r b o n a t e d p r o d u c t s were worked up i n t h e u s u a l manner 
and a n a l y z e d f o r b o t h h y d r o c a r b o n s and o r g a n i c a c i d s , a s m e t h y l e s t e r s , by 
VPC. R e s u l t s a r e g i v e n i n Tab l e 6 . The n e u t r a l p r o d u c t s from f r a c t i o n s 
I I I and V were combined, s o l v e n t d i s t i l l e d t h r o u g h a vacuum j a c k e t e d column 
p a c k e d w i t h g l a s s h e l i c e s , and t h e r e s i d u e d i s t i l l e d a t 2 6 ° / 6 mm and 9 6 -
1 0 5 ° / 3 mm t o g i v e 2 . 6 6 g of a l i q u i d . VPC showed t h a t t h i s l i q u i d c o n t a i n e d 
as major components t - b u t y l b e n z e n e , i - b u t y l b e n z e n e , and u n r e a c t e d c h l o r i d e 
i n t h e r a t i o of 3*46 : 2 . 3 1 : 1 . 0 0 . The p r e s e n c e of t h e s e t h r e e compounds 
was a l s o c o n f i r m e d by nmr. 
Neophyl c h l o r i d e ( 1 0 . 0 g , 0 . 0 5 9 1 mole) was r e a c t e d w i t h l i t h i u m 
(O.908 g , O.1308 g atom) i n t h e u s u a l manner i n t e t r a h y d r o f u r a n a t -65° 
and an a l i q u o t of 50 ml was c a r b o n a t e d . To t h e r e m a i n i n g s o l u t i o n a t -69° 
was added 9*83 g (O.O582 mole) of n e o p h y l c h l o r i d e i n 25 ml of t e t r a h y d r o ­
f u r a n d r o p w i s e o v e r a p e r i o d of 30 m i n u t e s . There was o b s e r v e d an i n c r e a s e 
i n t e m p e r a t u r e of 2-3° t h r o u g h o u t t h i s a d d i t i o n . The r e s u l t i n g s o l u t i o n 
was s t i r r e d a t -69° f o r 30 m i n u t e s and t h e n a s econd a l i q u o t of 50 ml was 
c a r b o n a t e d . The r e m a i n i n g s o l u t i o n was s t i r r e d a t t h e same t e m p e r a t u r e 
f o r a t o t a l o f f o u r h o u r s ( a f t e r t h e c o m p l e t i o n of t h e l a s t n e o p h y l c h l o r i d e 
a d d i t i o n ) b e f o r e c a r b o n a t i o n . The c a r b o n a t e d p r o d u c t s were worked up i n t h e 
u s u a l manner and a n a l y z e d by VPC R e s u l t s a r e g i v e n i n T a b l e 7« 
T a b l e 6 . N e o p h y l l i t h i u m , E f f e c t s o f E t h y l I o d i d e and Neophyl C h l o r i d e 
^~~^---~-^r a c t i on 
I I I I I I IV V 
Neophyl C h l o r i d e 
S t a r t e d w i t h 
g 
(mole) 
2 . 3 5 
( 0 . 0 1 3 2 ) 
4 . 6 0 
( 0 . 0 2 5 9 ) 
4 . 7 8 
(O.0269) 
4 . 5 2 
( 0 . 0 2 5 4 ) 
3 . 7 6 
( 0 . 0 2 1 2 ) 
L i t h i u m M e t a l g 
(g a tom) 
1.86 
( 0 . 2 6 8 ) 
S t i r r i n g a t -65° 3 h o u r s 
At -10° 1 h o u r 
E t I added a t -60° mole none 0 . 0 1 5 2 none 0 . 0 1 2 9 none 
S t a n d i n g a f t e r E t I 
a d d i t i o n 
min c a . 1 15 
Neophyl C h l o r i d e added 
a t -65° 
g 
(mole) none 
2 . 6 8 
( 0 . 0 1 5 9 ) none 
2 . 1 1 
( 0 . 0 1 2 4 ) 
S t a n d i n g a f t e r Neophyl 
C h l o r i d e a d d i t i o n min 15 60 
PhCMe 2CH 2C0 2H % 3 9 - 3 6
a 4 . 3 9 a 3 1 . 0 6 a 3 . 1 1 a 4 o . i a 
PhCH2CMe^C02H (? ) % l . 3 5 a 0 . 0 0 a a 1.12 o . o o
a 1 . 5 4 a 
.^ 
t - B u t y l b e n z e n e 1 .00 $ 1 9 . 2 8 a 1 9 - 4 7 a l 8 . 0 3 a 1 9 - 9 5 a l 9 - 6 9 a 
.^ 
i - B u t y l b e n z e n e . 1 . 0 9 i 
8 . 9 6 a 8 . 5 7 a 8 . 7 9 a 8 . 7 4 a 8 . 7 6 a 
Neophyl C h l o r i d e 4 . 1 9 2 . 8 6 a 2 . 9 7 a 7 7 - 6 9 a 2 . 5 8 a 8 3 - 3 3 a 
2 . 5 0 * , N e u t r a l i 0 . 0 0 a 2 . 6 2 a 0 . 0 0 a 2 . 6 7 a 0 . 0 0 a 
, 2 . 6 9 * , N e u t r a l i . o . o o a 2 1 . 9 3 a 0 . 0 0 a 2 2 . 6 8 a o . o o a 
•# 
R e l a t i v e r e t e n t i o n t ime b a s e d 
cl 
on t - b u t y l b e n z e n e a s s t a n d a r d . See f o o t n o t e i n T a b l e 5 . 
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T a b l e 7 . N e o p h y l l i t h i u m , E f f e c t s of Neophyl C h l o r i d e 
Neophyl C h l o r i d e S t a r t e d w i t h 1 0 . 0 g ( 0 . 0 5 9 1 mole) 
L i t h i u m M e t a l O.908 g ( 0 . 1 3 1 g atom) 
S o l v e n t THF 
M e t h y l I o d i d e 0 . 5 ml 
I n i t i a t i o n - 1 0 ° , 1 hour 
R e a c t i o n T e m p e r a t u r e 
-65° 
Time o f A d d i t i o n 30 min 
S t i r r i n g a t -65° b h o u r s 
Neophyl C h l o r i d e added a t -69° 
( o v e r a p e r i o d o f 30 m i n u t e s ) 
0 9 . 8 3 g ( 0 . 0 5 8 2 mole) 
S t i r r i n g a f t e r a d d i t i o n — 30 min . b h o u r s 
Y i e l d of Crude Ac ids i 7 8 . 1 5 Y , 
( 5 0 . 6 3 ) b ' d 5 7 - 2 9 Y d ( 5 1 . 7 8 ) b ' d ( 5 6 . 5 8 )
b
^
d 
PhCMe 2CH 2C0 2H $ 
( 6 3 - 9 2 ) a ' d 
4 8 . 4 a ' c , 
( 4 3 . 7 1 2 ) a ' d 
5 6 . 2 3 a , ° 
( 5 0 . 8 3 ) a ^ d 
PhCH 2CMe oC0 ?IT i 3 - 3 3 a i ° 
( 3 . o o ) a ' d 
1 . 7 6 a ' ° . 
( l . 5 9 ) a ' 
l . 3 9 a ' ° , 
( 1 . 2 5 ) a ' 
t - B u t y l b e n z e n e i 6 . 4 l a ' c . 
( 5 : 8 o ) a > d 
9 . 6 l a ' c % 
( 1 . 6 9 ) ^ 
l 4 . 6 8 a ' c . 
( 1 3 . 2 7 ) a , d 
i - B u t y l b e n z e n e i 
( 2 . 6 6 ) a ' d 
3 - 7 9 a ' C 
( 3 . 4 3 ) a ^ d 
I j , . 9 0 a ' c „ 
(b.b3)a,d 
Neophyl C h l o r i d e 1 2 . 8 o a , c \ 
( l l . 6 5 ) a ' d 
5 7 - 7 9 a ^ 
( 1 1 6 . 5 ) , a ( 8 4 . 5 2 ) a , d 
See f o o t n o t e i n T a b l e 5« 
'Based on n e o p h y l c h l o r i d e s t a r t e d w i t h 
"Based on L i m e t a l u s e d 
Based on t o t a l n e o p h y l c h l o r i d e u s e d 
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I n t h e r e g u l a r n e o p h y l l i t h i u m r e a c t i o n v e s s e l was p l a c e d 300 ml of 
h e p t a n e and 1 .71 g ( 0 . 2 4 7 g atom) of l i t h i u m . To t h e s o l v e n t was added 
0 . 5 ml of m e t h y l i o d i d e and 23 d r o p s of a s o l u t i o n o f 1 8 . 0 g ( 0 . 0 5 9 3 mole) 
o f n e o p h y l c h l o r i d e i n 25 ml o f h e p t a n e . The m i x t u r e was s t i r r e d v i g o r o u s l y 
a t 35 ± 10° f o r one h o u r , and t o t h e p a l e y e l l o w s o l u t i o n was added t h e 
b a l a n c e o f t h e h a l i d e d r o p w i s e o v e r a p e r i o d o f 30 m i n u t e s . A f t e r t h e m i x ­
t u r e was s t i r r e d f o r t h r e e and o n e - h a l f h o u r s a t 33 ± 3°> t h e s o l u t i o n was 
found t o c o n t a i n 0 . 0 2 2 0 mole (37 p e r c e n t y i e l d ) o f n e o p h y l l i t h i u m . The 
m i x t u r e was a l l o w e d t o warm t o 60° and was s t i r r e d a t 60 ± 5° and t h e n an 
a l i q u o t ( f r a c t i o n 1) o f 50 ml was c a r b o n a t e d . The r e m a i n i n g s o l u t i o n was 
c o o l e d t o 36° and a s a t u r a t e d s o l u t i o n of i o d i n e ( 0 . 4 9 0 g, 0 . 0 0 1 9 4 mole) i n 
h e p t a n e was added o v e r 30 m i n u t e s . The m i x t u r e was s t i r r e d a t 35° f o r 15 
m i n u t e s and an a l i q u o t ( f r a c t i o n 2) o f 50 ml was c a r b o n a t e d . The r e m a i n d e r 
of t h e s o l u t i o n was s t i r r e d a t t h e same t e m p e r a t u r e f o r an a d d i t i o n a l 45 
m i n u t e s b e f o r e c a r b o n a t i o n ( f r a c t i o n 3 ) ' A u s u a l work-up y i e l d e d 0 . 0 8 7 2 g 
( 0 . 0 0 0 4 9 0 m o l e , 4 . 9 5 p e r c e n t ) , 0 . 1 1 8 g (O.OOO666 m o l e , 6 . 7 4 p e r c e n t ) , and 
0 . 0 8 4 7 g (0 .000476 mole , 1 .20 p e r c e n t ) of a c i d i c p r o d u c t s i n f r a c t i o n s 1 , 
2 , and 3« r e s p e c t i v e l y . The n e u t r a l p r o d u c t s were a n a l y z e d by VPC and 
found t o p r o d u c e t - b u t y l b e n z e n e i n 0 .0262 g ( 0 . 0 0 0 1 9 5 mo le , I . 9 8 p e r c e n t ) , 
0 . 0 2 5 4 g ( 0 . 0 0 0 1 9 0 mo le , I . 9 2 p e r c e n t ) , and 0 . 1 2 5 g ( 0 . 0 0 0 9 3 3 mole , 2 . 3 6 
p e r c e n t ) , and i - b u t y l b e n z e n e i n O.OI38 g ( 0 . 0 0 0 1 0 3 mo le , 1 .04 p e r c e n t ) , 
O.OI38 g ( 0 . 0 0 0 1 0 3 mole , 1 .04 p e r c e n t ) , and 0 . 0 8 0 1 g (O.OOO598 mole , I . 5 9 
p e r c e n t ) and u n r e a c t e d n e o p h y l c h l o r i d e i n O.325 g ( 0 . 0 0 1 9 2 m o l e , 1 9 . 4 
p e r c e n t ) , 0 -315 g ( 0 . 0 0 1 8 6 mole , 1 8 . 9 p e r c e n t ) , and 1 .484 g (O.OO878 mole , 
2 2 . 2 p e r c e n t ) i n t h e c o r r e s p o n d i n g t h r e e f r a c t i o n s . The above a c i d i c 
p r o d u c t s were r e a c t e d w i t h d i a z o m e t h a n e and s u b j e c t e d t o VPC a n a l y s i s . 
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T h i s a n a l y s i s showed t h a t t h e a c i d i c p r o d u c t s were n o t v o l a t i l e a t 193 
column t e m p e r a t u r e ( n o t h i n g showed up i n 14 m i n u t e s ) . 
C l eavage w i t h Cs-K-Na A l l o y 
I n r u n 1 , n e o p h y l l i t h i u m was p r e p a r e d from 5«59 g ( 0 . 0 3 3 1 mole) 
of n e o p h y l c h l o r i d e and 0 . 4 7 8 g (O.O689 g atom) of l i t h i u m i n t h e u s u a l 
manner i n 250 ml of t e t r a h y d r o f u r a n a t - 6 5 ° . Then t o t h e f l a s k was added 
r a p i d l y 5*00 ml ( 0 . 0 9 9 g atom) of Cs-K-Na a l l o y . T h i s a d d i t i o n c a u s e d 
an i n s t a n t a n e o u s c o l o r change from brown t o g r e e n i n t h e s o l u t i o n . S t i r ­
r i n g was c o n t i n u e d a t -65° f o r t h r e e m i n u t e s and t h e n an a l i q u o t of 25 ml 
of t h e s o l u t i o n was c a r b o n a t e d . The r e m a i n i n g s o l u t i o n was s t i r r e d a t -65° 
f o r a n o t h e r h o u r b e f o r e c a r b o n a t i o n . The p r o d u c t s were worked up i n t h e 
u s u a l manner t o g i v e , i n t h e f i r s t f r a c t i o n , 0 . 4 4 8 g ( 0 . 0 0 2 5 2 mo le , 83*7 
p e r c e n t y i e l d ) and , i n t h e s econd f r a c t i o n , 4 . 1 3 g ( 0 . 0 2 3 2 mo le , 7 7 . 1 p e r ­
c e n t y i e l d ) of o i l y a c i d i c m a t e r i a l . An a l i q u o t of e a c h of t h e a c i d i c 
p r o d u c t s was c o n v e r t e d i n t o m e t h y l e s t e r s and t h e n s u b j e c t e d t o VPC a n a l y ­
s i s . T h i s a n a l y s i s showed r e l a t i v e y i e l d s of 8 1 . 3 p e r c e n t 3 - m e t h y l - 3 -
p h e n y l b u t a n o i c a c i d ( r e l a t i v e r e t e n t i o n t i m e = 1 . 0 0 ) , 5»00 p e r c e n t 2 , 2 -
d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d ( r e l a t i v e r e t e n t i o n t i m e O . 8 9 ) , and a 
t o t a l of some l 4 p e r c e n t of f o u r u n i d e n t i f i e d a c i d s [ p r o p o r t i o n s ( r e l a ­
t i v e r e t e n t i o n t i m e s ) : 2 . 8 9 p e r c e n t ( O . 6 3 ) , O.65 p e r c e n t ( 0 . 7 4 ) , O.65 p e r ­
c e n t ( 0 . 7 9 ) * and 9 . 4 8 p e r c e n t ( 1 . 1 7 ) ] i n f r a c t i o n 1 . The a c i d i c p r o d u c t 
from f r a c t i o n 2 was found t o g i v e , by t h e same method, 8 0 . 0 p e r c e n t 3 -
m e t h y l - 3 - p h e n y l b u t a n o i c a c i d ( r e l a t i v e r e t e n t i o n t i m e = 1 . 0 0 ) , 5*47 p e r c e n t 
2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d , and a t o t a l of some l 4 . 1 p e r c e n t of 
See f o o t n o t e on page 3 4 . 
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t h e same f o u r u n i d e n t i f i e d a c i d s [ p r o p o r t i o n s ( r e l a t i v e r e t e n t i o n t i m e s ) : 
3 . 3 5 p e r c e n t ( O . 6 3 ) , 0 . 7 0 p e r c e n t ( 0 . 7 4 ) , 1 - 3 5 p e r c e n t ( 0 . 7 9 ) , 8 -74 p e r ­
c e n t ( 1 . 1 7 ) ] a s i n f r a c t i o n 1 . The n e u t r a l m a t e r i a l was found , a c c o r d i n g 
t o q u a n t i t a t i v e VPC, t o p r o d u c e i n t h e f i r s t f r a c t i o n 0 . 0 4 7 0 g ( 0 . 0 0 0 3 5 1 
mo le , 1 1 . 7 p e r c e n t ) o f t - b u t y l b e n z e n e and 0 . 0 0 8 7 5 g ( 0 . 0 0 0 0 6 5 3 mole , 2 . 1 7 
p e r c e n t ) of i - b u t y l b e n z e n e and , i n t h e s econd f r a c t i o n , 0 . 4 4 1 g ( 0 . 0 0 3 2 9 
mo le , 1 0 . 9 p e r c e n t ) of t - b u t y l b e n z e n e and 0 . 0 7 4 0 g (0 .000552 mo le , I . 8 3 
p e r c e n t ) o f i ^ - b u t y l b e n z e n e . A c c o r d i n g t o VPC, t h e r e was no u n r e a c t e d 
c h l o r i d e i n e i t h e r f r a c t i o n . 
I n r u n 2 , n e o p h y l l i t h i u m was p r e p a r e d on t h e same s c a l e (from 5*72 
g of n e o p h y l c h l o r i d e ) and i n t h e same manner a s i n r u n 1 a t -65° i n t e t r a ­
h y d r o f u r a n . To t h i s s o l u t i o n was t h e n added Cs-K-Na a l l o y (5 ml , c a . 0 . 0 9 9 
g a t o m ) . A g r e e n i s h c o l o r s t a r t e d t o d e v e l o p when t h e t e m p e r a t u r e was 
a b o u t -40° and t h e s o l u t i o n was b l a c k i n c o l o r a t - 3 0 ° ; t h e c o l o r was 
g r e e n i s h a t - 1 0 ° . T h i s g r e e n i s h s o l u t i o n w i t h b l a c k powders was s t i r r e d 
a t -10° f o r a n o t h e r 45 m i n u t e s and t h e n c a r b o n a t e d . A u s u a l work-up gave 
3 . 6 4 g ( 0 . 0 2 0 4 mole , 6 0 . 5 p e r c e n t y i e l d ) o f o i l y a c i d i c m a t e r i a l w h i c h , 
a c c o r d i n g t o q u a n t i t a t i v e VPC of t h e m e t h y l e s t e r s , c o n t a i n e d 2 . 1 4 g ( 0 . 1 2 0 
m o l e , 35*5 p e r c e n t y i e l d ) o f 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d , 0 . 0 4 8 9 g 
( 0 . 0 0 0 2 7 5 mole , 0 . 8 l p e r c e n t ) o f 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d , t o ­
g e t h e r w i t h t h r e e u n i d e n t i f i e d a c i d s i n s m a l l amounts [ 0 . 8 l p e r c e n t ( r e l a ­
t i v e r e t e n t i o n t i m e 0 .77)> 0 . 6 l p e r c e n t ( r e l a t i v e r e t e n t i o n t ime l . l 6 ) , and 
X 
. »C • 
0 . 6 l p e r c e n t ( r e l a t i v e r e t e n t i o n t i m e 1 . 2 6 ) ] . The n e u t r a l p r o d u c t was a l s o 
s u b j e c t e d t o q u a n t i t a t i v e VPC a n a l y s i s and found t o c o n t a i n O .96 I g ( 0 . 0 0 7 1 8 
mo le , 2 1 . 2 p e r c e n t y i e l d ) o f t - b u t y l b e n z e n e , and 0 . 2 1 7 g ( 0 . 0 0 1 6 2 mo le , 4 . 7 8 
p e r c e n t y i e l d ) of i - b u t y l b e n z e n e . There was no d e t e c t a b l e amount o f u n r e ­
a c t e d c h l o r i d e . 
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R e a c t i o n o f Neophyl C h l o r i d e w i t h Cesium A l l o y s 
I n r u n 1 , i n t o 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was 
p l a c e d 5 . 5 8 g (O.0U19 g atom) of ces ium and 1 .53 g ( 0 . 0 3 9 1 g atom) of 
p o t a s s i u m and t h e m i x t u r e was s t i r r e d a t r e f l u x f o r one h o u r . The r e s u l t ­
i n g b l u e s o l u t i o n was c o o l e d t o -60° and 2 . 8 3 g (O.OI67 mole) of t h e c h l o ­
r i d e i n 25 ml of d r y t e t r a h y d r o f u r a n was added d r o p w i s e o v e r a p e r i o d of 
e i g h t m i n u t e s and t h e s o l u t i o n was s t i r r e d a t -60° f o r a n o t h e r 30 m i n u t e s 
b e f o r e c a r b o n a t i o n . The a d d i t i o n of t h e h a l i d e c a u s e d t h e deve lopmen t of 
a y e l l o w i s h brown c o l o r . A u s u a l work-up y i e l d e d I . 5 8 g (57*7 p e r c e n t ) of 
n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC, was m a i n l y t - b u t y l b e n z e n e , and 
l . l 6 g (k2.3 p e r c e n t ) of o i l y a c i d i c m a t e r i a l . T h i s a c i d i c m a t e r i a l was 
washed w i t h p e n t a n e t o g i v e O.699 g of p e n t a n e s o l u b l e m a t e r i a l and O.382 
g p e n t a n e i n s o l u b l e r e s i d u e , m . p . 2 0 0 - 2 5 0 ° . A 0 . 2 3 3 g sample of t h e p e n t a n e 
s o l u b l e f r a c t i o n was s u b l i m e d a t 70° a t 50 m i c r o n s p r e s s u r e t o g i v e 0 . 1 3 7 
g ( 5 8 . 6 p e r c e n t ) of s u b l i m a t e . A 0 . 1 3 3 g sample of t h i s s u b l i m a t e was r e ­
a c t e d w i t h d i a z o m e t h a n e and t h e m e t h y l e s t e r s formed were s u b j e c t e d t o 
VPC a n a l y s i s ( s e e T a b l e 8 ) . 
I n r u n 2 , c e s i u m - p o t a s s i u m a l l o y p r e p a r e d from k.QO g (O.O36I g 
atom) o f ces ium and 1 .30 g ( 0 . 0 3 3 2 g atom) of p o t a s s i u m i n 250 ml of t e t r a ­
h y d r o f u r a n was s t i r r e d a t r e f l u x f o r ho m i n u t e s and t h e n t h e t e m p e r a t u r e 
was l o w e r e d t o -1+0°. A s o l u t i o n of 2 . 7 2 g ( 0 . 0 l 6 l mole) o f n e o p h y l c h l o ­
r i d e i n 25 ml of t e t r a h y d r o f u r a n was added d r o p w i s e o v e r a p e r i o d of f i v e 
m i n u t e s a t -kO ± 2° and t h e r e s u l t i n g s o l u t i o n was s t i r r e d a t t h e same 
t e m p e r a t u r e f o r two m i n u t e s b e f o r e c a r b o n a t i o n . The c a r b o n a t e d p r o d u c t was 
worked up i n t h e u s u a l manner t o g i v e 0 . 9 7 0 g (hk.3 p e r c e n t y i e l d ) of n e u ­
t r a l m a t e r i a l w h i c h , a c c o r d i n g t o VPC, gave r e l a t i v e y i e l d s of 85 p e r c e n t 
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T a b l e 8 . Vapor -Phase C h r o m a t o g r a p h i c A n a l y s e s of t h e A c i d i c 
P r o d u c t s from Cesium A l l o y R e a c t i o n s of Neophyl 
C h l o r i d e 
R e l a t i v e R e l a t i v e Y i e l d s ( A b s o l u t e Y i e l d s ) 
R e t e n t i o n 
Time* Run 1 Run 2 Run 3 . Run 4 Run 5 
F r a c t . 1 F r a c t . 2 
0 . 7 7 2 1 . 5 4 
( 5 . 8 8 ) 
2 3 . 1 9 
( M D 
3 0 . 2 1 
( 8 . 0 3 ) 
1 0 . 4 5 
( 0 . 2 0 9 ) 
3 5 . 1 2 4 7 . 4 0 
0 . 8 4 2 5 . 6 0 
( 6 . 9 9 ) 
1 2 . 8 6 
( 2 . 3 9 ) 
2 0 . 3 6 
( 5 . 4 1 ) 
1 1 . 3 6 
0 . 9 1 1 0 . 3 9 
( 2 . 8 4 ) 
7 . 4 3 
( 1 . 3 8 ) 
4 . 1 0 
( 1 . 0 9 ) 
0 . 9 1 
( 0 . 0 1 8 ) 
9 . 7 6 8 . 9 8 
0 . 9 7 
1 .00 
1 .81 
( 0 . 4 9 ) 
0 . 5 4 
( 0 . 1 0 ) 
4 . 6 0 
( 1 . 2 2 ) 
4 3 . 1 8 * * 
( 0 . 8 6 4 ) 
2 . 1 9 1.32 
1 .23 3 7 . 6 5 
( 1 0 . 2 9 ) 
2 1 . 5 6 
( 4 . o o ) 
3 0 . 7 1 
( 8 . 1 6 ) 
2 5 . 9 1 
(O.518) 
2 5 . 3 7 1 8 . 8 5 
1 .50 I . 3 6 
( 0 . 3 7 ) 
0 . 9 1 
( 0 . 1 7 ) 
4 . 9 3 
( 1 - 3 1 ) 
6 . 5 9 
( 0 . 1 3 8 ) 
2 . 4 4 2 . 6 6 
1 .60 0 . 6 0 
( 0 . 1 6 ) 
3 2 . 9 7 
( 6 . 1 2 ) 
3 . 7 8 
( 1 . 0 0 ) 
7 . 8 0 1 1 . 4 9 
VPC c o n d i t i o n s u s e d : t e m p e r a t u r e 1 9 4 ° ; f low r a t e 1 5 . 0 mm; p r e s s u r e 60 
p s i g ; column 1 2 ' J " , Apiezon L. ( 1 0 $ ) . 
Based on t h e r e t e n t i o n t i m e of m e t h y l 3 - m e t h y l - 3 - p h e n y l b u t a n o a t e 
= 1 . 0 0 . 
R e l a t i v e r e t e n t i o n t i m e of m e t h y l 2 - m e t h y l - 2 - p h e n y l b u t a n o a t e was 
0 . 9 1 . R e l a t i v e r e t e n t i o n t i m e of m e t h y l o - t - b u t y l b e n z o a t e was O . 9 7 . 
Only a s i n g l e compound i d e n t i f i e d as m e t h y l 3 - m e t h y l - 3 - p h e n y l -
b u t a n o a t e . 
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t - b u t y l b e n z e n e and 9*5 p e r c e n t ^ - b u t y l b e n z e n e a n d / o r i - b u t y l b e n z e n e and 
1.22 g ( 4 2 . 6 p e r c e n t y i e l d ) of a c i d i c p r o d u c t . A 0 . 7 2 1 g sample o f t h i s 
a c i d i c m a t e r i a l was s u b l i m e d a t 75-85° a t 20 m i c r o n s p r e s s u r e t o g i v e 
0 . 3 1 4 g o f s u b l i m a t e . A 0 . 1 4 3 g of t h i s s u b l i m a t e was c o n v e r t e d i n t o 
m e t h y l e s t e r s and a n a l y z e d by VPC ( s e e T a b l e 8 ) . 
I n r u n 3> i n t o a r e g u l a r 500-ml Morton f l a s k c o n t a i n i n g 250 ml of 
f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p i p e t t e d 4 . 5 ml ( c a . O.O87 g atom) 
of a p r e v i o u s l y p r e p a r e d Cs-K-Na a l l o y . The m i x t u r e was s t i r r e d a t r e f l u x 
f o r one h o u r and t h e n c o o l e d t o - 6 6 ° , and a s o l u t i o n of 4 . 0 6 g ( 0 . 0 2 4 0 mole) 
of n e o p h y l c h l o r i d e i n 25 ml of d r y t e t r a h y d r o f u r a n was added d r o p w i s e o v e r 
a p e r i o d of f i v e m i n u t e s . The f i r s t p o r t i o n of h a l i d e added c a u s e d t h e 
deve lopmen t of a g r e e n c o l o r i n t h e s o l u t i o n and t h e s o l u t i o n was brown i n 
c o l o r a t t h e end of t h e a d d i t i o n . The s t i r r i n g was c o n t i n u e d a t -67° f o r 
a n o t h e r e i g h t m i n u t e s b e f o r e c a r b o n a t i o n . The c a r b o n a t i o n p r o d u c t showed 
a p u r p l e c o l o r . A u s u a l work-up y i e l d e d 1 . 8 l g ( 0 . 0 1 0 2 mo le , 4 2 . 4 p e r c e n t ) 
o f a c i d i c m a t e r i a l of which 5 2 . 8 p e r c e n t was s u b l i m a b l e a t 10 m i c r o n s a t 
9 0 - l 4 0 ° and some n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC, c o n t a i n e d 1.22 
g ( 0 . 0 0 9 1 0 m o l e , 3 7 . 9 p e r c e n t y i e l d ) o f t - b u t y l b e n z e n e , 0 . 0 6 4 2 g ( 0 . 0 0 0 4 7 9 
m o l e , 2 . 0 0 p e r c e n t ) of ^ - b u t y l b e n z e n e a n d / o r i - b u t y l b e n z e n e and 0 . 0 9 g 
( 2 . 2 2 p e r c e n t ) of u n r e a c t e d n e o p h y l c h l o r i d e . The a c i d i c m a t e r i a l was 
a n a l y z e d as m e t h y l e s t e r s by VPC ( s e e T a b l e 8 ) . 
I n r u n 4 , t h e same Cs-K-Na a l l o y ( 4 . 5 ml , c a . O.O87 g atom) a s i n 
r u n 3 "was i n t r o d u c e d i n t o t h e same r e a c t i o n v e s s e l c o n t a i n i n g 250 ml of 
d r y d i e t h y l e t h e r and t h e m i x t u r e was s t i r r e d a t r e f l u x f o r one h o u r . 
See t h e f o o t n o t e of page 3 ^ ' 
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The t e m p e r a t u r e was t h e n l o w e r e d t o - 7 1 % where t h e s o l u t i o n was c o l o r l e s s 
and m e t a l s were f i n e l y d i v i d e d , and c a . 2 p e r c e n t of a s o l u t i o n of 3 ' 7 4 g 
( 0 . 0 2 2 1 mole) of n e o p h y l c h l o r i d e i n 20 ml of d r y e t h e r was a d d e d . T h i s 
a d d i t i o n c a u s e d t h e deve lopmen t of a y e l l o w c o l o r i n t h e s o l u t i o n and a 
r i s e of t e m p e r a t u r e t o - 6 5 ° • The t e m p e r a t u r e was l o w e r e d t o -70° and t h e 
b a l a n c e of t h e h a l i d e was added d ropwi se o v e r a p e r i o d o f f i v e m i n u t e s and 
t h e r e s u l t i n g s o l u t i o n was s t i r r e d f o r one m i n u t e b e f o r e c a r b o n a t i o n . A 
u s u a l work-up gave 0 . 1 8 6 g ( 0 . 0 0 1 0 4 mole , 4 . 7 3 p e r c e n t y i e l d ) o f a c i d i c 
m a t e r i a l of which 4 2 . 6 p e r c e n t was s u b l i m a b l e a t 95° a t 100 m i c r o n s p r e s ­
s u r e and some n e u t r a l m a t e r i a l wh ich , a c c o r d i n g t o VPC, c o n t a i n e d O.56 g 
( 1 8 . 9 p e r c e n t y i e l d ) of t - b u t y l b e n z e n e , 0 . 0 3 1 4 g ( 0 . 0 0 0 2 3 4 mole , 1 .06 p e r ­
c e n t ) of ^ - b u t y l b e n z e n e a n d / o r i - b u t y l b e n z e n e and I . 8 9 g ( 5 0 . 5 p e r c e n t r e ­
c o v e r y ) of u n r e a c t e d c h l o r i d e . The a c i d i c m a t e r i a l was a n a l y z e d a s m e t h y l 
e s t e r s by VPC ( s e e T a b l e 8 ) . 
I n r u n 5* t h e same q u a n t i t y of t h e same Cs-K-Na a l l o y was p l a c e d i n 
300 ml o f f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n and t h e m i x t u r e was s t i r r e d a t 
r e f l u x f o r one h o u r . The t e m p e r a t u r e was t h e n l o w e r e d t o -60° and s t i r r i n g 
was c o n t i n u e d u n t i l t h e m e t a l s were f i n e l y d i v i d e d . A s o l u t i o n of 3 . 8 1 g 
( 0 . 0 2 1 4 mole) o f n e o p h y l c h l o r i d e i n 25 ml of t e t r a h y d r o f u r a n was added 
a t -60° d r o p w i s e o v e r a p e r i o d of f i v e m i n u t e s . A r e d d i s h brown c o l o r 
d e v e l o p e d a t t h e b e g i n n i n g o f t h i s a d d i t i o n which g r a d u a l l y changed t o 
g r e e n i s h t h r o u g h o u t t h e a d d i t i o n . The r e s u l t i n g s o l u t i o n was s t i r r e d a t 
-60 ± 2° f o r two m i n u t e s and t h e n a b o u t one h a l f was c a r b o n a t e d . The r e ­
m a i n i n g s o l u t i o n was s t i r r e d a t c a . -60° f o r 30 m i n u t e s b e f o r e c a r b o n a t i o n . 
A u s u a l work-up g a v e , i n t h e f i r s t f r a c t i o n , O.750 g ( 0 . 0 0 4 2 1 mole , 3 9 . 3 
p e r c e n t y i e l d ) and , i n t h e s econd f r a c t i o n , 1 .47 g ( 0 . 0 0 8 2 9 m o l e , 7 7 . 4 
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p e r c e n t y i e l d ) o f o i l y a c i d i c p r o d u c t s . These a c i d i c p r o d u c t s were r e a c t e d 
w i t h d i a z o m e t h a n e and t h e m e t h y l e s t e r s a n a l y z e d by VPC ( s e e T a b l e 8 ) . 
VPC of t h e n e u t r a l p r o d u c t s showed t h a t t - b u t y l b e n z e n e c o n s t i t u t e d a t l e a s t 
90 p e r c e n t of t h e v o l a t i l e h y d r o c a r b o n s . 
R e a c t i o n of Neophyl C h l o r i d e w i t h Sodium 
i n D ioxane - t -Amyl A l c o h o l 
I n t o a r e g u l a r v e s s e l f o r l i t h i u m r e a c t i o n s was p l a c e d ik.J g 
(O.O869 mole) o f n e o p h y l c h l o r i d e , 110 ml of d i o x a n e , ihO ml o f t - a m y l a l ­
c o h o l , and 8 . 1 7 g ( 0 . 3 5 7 g atom) o f sod ium. The m i x t u r e was h e a t e d u n t i l 
r e f l u x was a t t a i n e d and t h e p u r p l e c o l o r e d s o l u t i o n was s t i r r e d a t r e f l u x 
f o r two h o u r s , and t h e n e t h a n o l (50 ml) was added t o decompose u n r e a c t e d 
sod ium. A s m a l l amount of d i l u t e HCl was added and t h e o r g a n i c p h a s e was 
s e p a r a t e d . The aqueous p h a s e was e x t r a c t e d w i t h t h r e e 100 ml p o r t i o n s of 
e t h e r and t h e o r g a n i c p h a s e s were combined, washed w i t h a s a t u r a t e d s o l u ­
t i o n o f sodium c h l o r i d e , d r i e d o v e r a n h y d r o u s MgSO^. A f t e r f i l t r a t i o n , 
mos t o f t h e s o l v e n t s was removed by d i s t i l l a t i o n t h r o u g h a vacuum j a c k e t e d 
column p a c k e d w i t h g l a s s h e l i c e s and t h e r e s i d u e was a n a l y z e d by VPC. 
T h i s a n a l y s i s showed t h a t i t c o n t a i n e d 8 . 0 3 g ( 0 . 0 5 9 9 mole , 6 8 . 9 p e r c e n t 
y i e l d ) of t - b u t y l b e n z e n e c o n t a m i n a t e d by l e s s t h a n 1.2 p e r c e n t r e l a t i v e 
y i e l d o f i s o m e r i c i m p u r i t i e s . 
R e a c t i o n o f Neophyl C h l o r i d e w i t h P o t a s s i u m 
I n 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d , u n d e r 
n i t r o g e n a t m o s p h e r e , 5 .66 g ( 0 . 1 ^ 5 g atom) of p o t a s s i u m and t h e m i x t u r e 
was s t i r r e d a t r e f l u x f o r one h o u r , and t h e n a s o l u t i o n of 1 0 . 1 g ( 0 . 0 6 0 2 
mole) o f n e o p h y l c h l o r i d e i n 25 ml of t e t r a h y d r o f u r a n was added d r o p w i s e 
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o v e r a p e r i o d o f 22 m i n u t e s . The f i r s t p o r t i o n o f h a l i d e added c a u s e d t h e 
deve lopmen t o f a y e l l o w c o l o r i n t h e s o l u t i o n and t h e f i n a l c o l o r was r e d ­
d i s h brown. The r e s u l t i n g s o l u t i o n was s t i r r e d a t r e f l u x f o r a n o t h e r two 
m i n u t e s b e f o r e c a r b o n a t i o n . A u s u a l work-up y i e l d e d 0 . 7 2 3 g ( 0 . 0 0 4 0 6 m o l e , 
6 . 7 4 p e r c e n t ) of o i l y a c i d i c m a t e r i a l wh ich , a c c o r d i n g t o VPC of t h e m e t h y l 
e s t e r s , c o n t a i n e d t h r e e major a c i d s i n y i e l d s of 0 . 00874 g ( 0 . 0 0 0 0 4 9 1 mo le , 
O.O816 p e r c e n t ) , 0 . 0 1 5 5 g ( 0 . 0 0 0 0 8 7 1 mo le , 0 . 1 4 5 p e r c e n t ) , and 0 . 0 3 2 1 g 
(O.OOOI805 mo le , 0 . 3 0 0 p e r c e n t ) , w i t h r e l a t i v e r e t e n t i o n t i m e s o f O.76 , 
O .85 , and 1 . 2 5 , r e s p e c t i v e l y . None of t h e s e was i d e n t i f i e d a s 3 ~ p h e n y l - 3 -
m e t h y l b u t a n o i c , 2 - p h e n y l - 2 - m e t h y l b u t a n o i c , 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c , 
o - , m-, o r p - t - b u t y l b e n z o i c a c i d . The n e u t r a l p r o d u c t was a n a l y z e d d i r e c t l y 
i n s o l u t i o n of d i e t h y l e t h e r and t e t r a h y d r o f u r a n by VPC and found t o y i e l d 
5 . 1 9 g (O.O387 m o l e , 6 4 . 3 p e r c e n t ) o f t - b u t y l b e n z e n e , 0 . 4 1 7 g ( 0 . 0 0 3 1 1 m o l e , 
6 . 1 6 p e r c e n t ) o f i - b u t y l b e n z e n e a n d / o r £ - b u t y l b e n z e n e t o g e t h e r w i t h c a . 
0 . 1 p e r c e n t a b s o l u t e y i e l d of u n r e a c t e d c h l o r i d e . 
S y n t h e s i s o f P h e n e t h y l l i t h i u m 
I n t o a 500 ml Mor ton f l a s k e q u i p p e d w i t h a h i g h - s p e e d s t i r r e r was 
d i s t i l l e d , from o v e r sodium aluminum h y d r i d e , 250 ml o f t e t r a h y d r o f u r a n . 
L i t h i u m ( 1 . 9 5 g> 0 . 2 8 l g atom) c u t i n t o s m a l l p i e c e s was added t o t h e f l a s k 
and t h e t e m p e r a t u r e was l o w e r e d t o - 1 0 ° ; m e t h y l i o d i d e ( 0 . 6 ml) and c a . 5 
p e r c e n t o f a s o l u t i o n o f l - c h l o r o - 2 - p h e n y l e t h a n e ( 2 . 7 7 g> 0 . 0 1 9 7 mole) i n 
10 ml o f t e t r a h y d r o f u r a n was a d d e d . The m i x t u r e was s t i r r e d a t -10 ± 2° 
f o r 40 m i n u t e s whereupon a l i g h t p u r p l e c o l o r s t a r t e d ' t o d e v e l o p ; t h e 
t e m p e r a t u r e was l o w e r e d t o -60° and s t i r r i n g was c o n t i n u e d a t - 6 0 ± 5° 
f o r 90 m i n u t e s . S i n c e t h e r e was no a p p r e c i a b l e c o l o r change , t h e t e m p e r a -
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t u r e was r a i s e d t o 0° and a s o l u t i o n of 0 . 0 9 3 4 g of l - c h l o r o - 2 , 2 , 2 - t r i -
p h e n y l e t h a n e i n 0 . 5 ml of t e t r a h y d r o f u r a n was added t o s e r v e a s an i n d i ­
c a t o r f o r t h e i n i t i a t i o n of t h e r e a c t i o n ; t h e s o l u t i o n was s t i r r e d a t 0° 
f o r an a d d i t i o n a l 75 m i n u t e s . Aga in t h e r e was no o b s e r v a b l e c o l o r c h a n g e . 
Then s t i r r i n g was s t o p p e d and a s o l u t i o n of 0 . 2 0 6 g of l - c h l o r o - 2 , 2 , 3 - t r i -
p h e n y l p r o p a n e ( a s i n d i c a t o r ) i n 1 ml of t e t r a h y d r o f u r a n was added a t 0° 
and a deep r e d c o l o r d e v e l o p e d i m m e d i a t e l y . The s o l u t i o n was c o o l e d t o 
-64° u n d e r v i g o r o u s s t i r r i n g and t h e r e m a i n i n g c h l o r o p h e n y l e t h a n e s o l u t i o n 
was added d r o p w i s e o v e r a p e r i o d of f o u r m i n u t e s ; t h e r e s u l t i n g r e d s o l u ­
t i o n was s t i r r e d a t -65 ± 3° f o r two h o u r s b e f o r e c a r b o n a t i o n . The c a r b o ­
n a t e d p r o d u c t was worked up i n t h e same manner as f o r t h e n e o p h y l l i t h i u m 
p r e p a r a t i o n t o g i v e 2 . 0 5 g (O.OI36 mole , 6 9 . 3 p e r c e n t y i e l d b a s e d on t h e 
c h l o r i d e u s e d ) o f l i g h t y e l l o w s o l i d a c i d i c m a t e r i a l , m . p . 4 3 - 7 ° ; a 1 :1 
m i x t u r e of t h i s a c i d w i t h an a u t h e n t i c sample of 3 - p h e n y l p r o p a n o i c a c i d 
( m . p . 4 7 . 5 - 9 0 ) m e l t s a t 4 5 - 8 ° . The n e u t r a l m a t e r i a l i n e t h e r s o l u t i o n was 
d i r e c t l y s u b j e c t e d t o VPC a n a l y s i s and found t o c o n t a i n , i n t h e v o l a t i l e 
f r a c t i o n , m a i n l y (> 94 p e r c e n t ) e t h y l b e n z e n e (O.498 g, 0 . 0 0 4 6 9 mo le , 2 3 . 8 
p e r c e n t y i e l d b a s e d on t h e c h l o r i d e u s e d ) . 
S y n t h e s i s o f 2 - p - B i p h e n y l y l e t h y l l i t h i u m 
I n t o 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d l i t h i u m 
m e t a l (O.5908 g> O.O85I g atom) i n s m a l l p i e c e s and t h e s o l u t i o n u n d e r 
v i g o r o u s s t i r r i n g was c o o l e d t o - 1 0 ° . A p p r o x i m a t e l y f i v e p e r c e n t of a s o ­
l u t i o n of 4 . 6 8 g ( 0 . 0 2 1 6 mole) o f 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e i n 25 ml of 
anhydrous t e t r a h y d r o f u r a n and 0 -5 ml of m e t h y l i o d i d e were added t o t h e 
s o l u t i o n , and s t i r r i n g was c o n t i n u e d a t -10° f o r 15 m i n u t e s whereupon a 
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p i n k c o l o r s t a r t e d t o a p p e a r . The p i n k c o l o r t u r n e d t o g r e e n i n a n o t h e r 
two m i n u t e s and t h i s g r e e n c o l o r deepened w i t h t i m e . A f t e r a t o t a l of one 
h o u r of s t i r r i n g a t -15 ± 5 ° f t h e t e m p e r a t u r e was l o w e r e d t o -70° and t h e n 
t o t h e g r e e n i s h s o l u t i o n was added t h e r e m a i n d e r of t h e c h l o r i d e d r o p w i s e 
o v e r a p e r i o d o f 32 m i n u t e s . The f i r s t p o r t i o n of c h l o r i d e added c a u s e d 
t h e a p p e a r a n c e of a p i n k c o l o r and t h e c o l o r deepened w i t h s t i r r i n g . The 
r e s u l t i n g r e d d i s h - b r o w n s o l u t i o n was s t i r r e d a t -70° f o r a n o t h e r 166 m i n u t e s 
whereupon a g r e e n i s h c o l o r s t a r t e d t o d e v e l o p . The s t i r r i n g was c o n t i n u e d 
a t -70° f o r a n o t h e r s e v e n m i n u t e s b e f o r e f o u r 5 ml a l i q u o t s were w i thd rawn 
f o r Gilman t i t r a t i o n . T h i s t i t r a t i o n i n d i c a t e d a y i e l d of 18 p e r c e n t of 
o r g a n o l i t h i u m compound. The s o l u t i o n was s t i r r e d a t -70° f o r an a d d i t i o n a l 
two h o u r s and t h e n syphoned i n t o a f l a s k c o n t a i n i n g a l a r g e e x c e s s of 
c r u s h e d s o l i d c a r b o n d i o x i d e . The c a r b o n a t e d s o l u t i o n was a l l o w e d t o s t a n d 
o v e r n i g h t and a b o u t 100 ml of w a t e r was added t o decompose u n r e a c t e d l i t h i u m . 
T e t r a h y d r o f u r a n was removed u n d e r p a r t i a l vacuum and t h e r e s i d u e was e x ­
t r a c t e d w i t h e t h e r t o y i e l d 2 . 9 8 g ( 0 . 0 1 6 4 mole , 7 5 - 7 p e r c e n t y i e l d ) o f 
s e m i - s o l i d n e u t r a l m a t e r i a l . The aqueous p h a s e was a c i d i f i e d , e x t r a c t e d 
w i t h e t h e r g i v i n g 1 .05 g ( 0 . 0 0 4 6 3 mole , 2 1 . 4 p e r c e n t y i e l d b a s e d on c h l o r i d e 
u s e d ) o f s o l i d a c i d i c m a t e r i a l , m . p . 9 4 - 1 2 1 ° . A sample of 0 - 9 0 1 g o f t h i s 
a c i d i c m a t e r i a l was s u b l i m e d a t 150° and 80 t o 100 m i c r o n s p r e s s u r e t o g i v e 
0 . 3 3 2 g, m . p . 138-148° ( p r e m e l t i n g a t 1 2 8 ° ) . A 0 . 0 8 3 4 g sample o f t h i s 
a c i d i c m a t e r i a l was c o n v e r t e d i n t o O.O878 g o f m e t h y l e s t e r , m . p . 4 8 - 5 0 ° , 
by r e a c t i n g w i t h e x c e s s d i a z o m e t h a n e . VPC a n a l y s i s i n d i c a t e d t h a t t h i s 
was a p u r e m e t h y l e s t e r . The nmr s p e c t r u m showed 8 . 8 7 H a t 2 . 5 8 t o 3 . 0 0 T 
(m, a r o m a t i c h y d r o g e n s ) , 3 . 0 0 H a t 6 . 4 7 T ( s , me t hoxy l g r o u p ) , 2 . 1 2 H a t 
7 ' 2 0 T (unsym. t , J = 7 Hz, a s s i g n e d t o m e t h y l e n e g roup a d j a c e n t t o t h e 
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a r o m a t i c r i n g ) , and 2 . 1 2 H a t 7 . 4 4 T (unsym. t , J = 7 Hz, m e t h y l e n e g r o u p 
a d j a c e n t t o t h e c a r b o x y l g r o u p ) . T h i s nmr i n d i c a t e d t h a t i t was e s s e n t i a l l y 
p u r e m e t h y l 3 - p - h i p h e n y l y l p r o p a n o a t e . VPC of a s m a l l p o r t i o n of t h e n e u t r a l 
p r o d u c t showed t h e r e were t h r e e compounds i n y i e l d s of 1 .08 g ( 0 . 0 0 5 9 1 mo le , 
2 7 . 3 p e r c e n t ) of e t h y l b i p h e n y l ( r e t e n t i o n t i m e 2 . 3 m i n u t e s ) , 3*46 a r e a p e r ­
c e n t of an unknown of r e t e n t i o n t i m e 7*8 m i n u t e s , and 0 . 5 5 a r e a p e r c e n t of 
a n o t h e r unknown of r e t e n t i o n t ime 9*0 m i n u t e s . The VPC r e t e n t i o n t i m e of 
t h e s t a r t i n g c h l o r i d e u n d e r t h e same c o n d i t i o n s was 6 . 7 m i n u t e s ; t h i s com­
p o n e n t was a b s e n t i n t h e n e u t r a l m a t e r i a l . 
I n r u n 2 , t h e r e a c t i o n of 4 . 8 9 g ( 0 . 0 2 2 6 mole) of l - c h l o r o - 2 - p -
b i p h e n y l y l e t h a n e w i t h l i t h i u m ( 1 . 2 4 g, 0 . 1 7 9 g atom) was i n i t i a t e d a t -10° 
i n t h e same manner as i n t h e f i r s t r u n . The t e m p e r a t u r e was t h e n l o w e r e d 
t o -70° and t h e c h l o r i d e was added a t t h i s t e m p e r a t u r e o v e r a p e r i o d of 20 
m i n u t e s . The r e d s o l u t i o n was s t i r r e d a t -70° f o r a n o t h e r 38 m i n u t e s b e f o r e 
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samples were w i t h d r a w n f o r Gilman t i t r a t i o n . T h i s t i t r a t i o n i n d i c a t e d 
a y i e l d of 4 9 . 5 p e r c e n t o f o r g a n o l i t h i u m compound. A f t e r t h e w i t h d r a w a l 
o f s a m p l e s , an a l i q u o t of 100 ml of t h e r e d d i s h brown s o l u t i o n was c a r b o n ­
a t e d ( f r a c t i o n 1 ) . The r e m a i n d e r of t h e s o l u t i o n was s t i r r e d a t -67 ± 2° 
f o r a n o t h e r 20 m i n u t e s , where a g r e e n i s h c o l o r a p p e a r e d , and t h e s t i r r i n g 
was c o n t i n u e d a t -67 ± 2° f o r one a d d i t i o n a l h o u r ; samples were a g a i n 
w i thd rawn f o r Gilman t i t r a t i o n and t h e r e m a i n d e r was c a r b o n a t e d ( f r a c t i o n 
2 ) . T h i s l a s t t i t r a t i o n i n d i c a t e d a y i e l d o f 9 6 . 3 p e r c e n t . A u s u a l work -up 
gave i n t h e f i r s t f r a c t i o n O .85 I g of w h i t e c r y s t a l l i n e a c i d i c m a t e r i a l , 
m . p . 146-51° ( w i t h r e s i d u e ) and 1 .48 g of s e m i - s o l i d n e u t r a l m a t e r i a l , and 
i n t h e s e c o n d f r a c t i o n 1.42 g of p a l e y e l l o w s o l i d a c i d i c m a t e r i a l , m . p . 
128-146° and 1 .21 g of s e m i - s o l i d n e u t r a l m a t e r i a l . A O.856 g sample o f 
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t h e a c i d i c p r o d u c t from f r a c t i o n 1 was s u b l i m e d a t 130° and 60 m i c r o n s 
p r e s s u r e g i v i n g O.689 g ( 0 . 0 0 3 0 4 m o l e , 33 -7 p e r c e n t y i e l d b a s e d on t h e 
h a l i d e u s e d ) of s u b l i m a t e , m . p . 150-2° ( p r e m e l t i n g a t l 4 5 ° ) . A 0 . 1 0 9 g 
sample o f t h i s a c i d i c m a t e r i a l was r e a c t e d w i t h d i a z o m e t h a n e y i e l d i n g 0 .112 
g of m e t h y l e s t e r , m . p . 5 6 - 7 ° • VPC of t h i s m e t h y l e s t e r showed t h a t i t 
was a p u r e compound. The nmr s p e c t r u m showed 9 ' 0 7 H a t 2 . 5 8 - 3 - 0 0 T (m, 
a r o m a t i c h y d r o g e n s ) , 3-00 H a t 6 . 4 7 T ( S , m e t h o x y l g r o u p ) , 2 . 1 2 H a t 7 -20 
T (unsym. t , J = 7 Hz, m e t h y l e n e g roup a d j a c e n t t o t h e a r o m a t i c r i n g ) , and 
2 . 1 2 H a t 7 . 4 4 T (unsym. t , J = 7 Hz, m e t h y l e n e g r o u p a d j a c e n t t o t h e c a r ­
b o x y l g r o u p ) . A 1.42 g sample of t h e a c i d i c p r o d u c t from f r a c t i o n 2 was 
a l s o s u b l i m e d a t 130° and 60 m i c r o n s g i v i n g 0 . 8 4 0 g ( 0 . 0 0 3 7 1 mo le , 2 7 . 5 
p e r c e n t y i e l d b a s e d on t h e h a l i d e u s e d ) of s u b l i m a t e , m . p . l 4 7 - 5 0 « 5 ° ( p r e ­
m e l t i n g a t 1 3 8 ° ) . A 0 . 1 2 0 g sample of t h i s a c i d i c m a t e r i a l was c o n v e r t e d 
i n t o 0 . 1 2 6 g of m e t h y l e s t e r , m . p . 5 4 - 7 ° , by r e a c t i n g w i t h d i a z o m e t h a n e . 
VPC showed o n l y a s i n g l e peak and t h e nmr s p e c t r u m of t h i s m e t h y l e s t e r 
showed 9 . 2 3 H a t 2 . 5 8 t o 3 . 0 0 T (m, a r o m a t i c h y d r o g e n s ) , 3-00 H a t 6 . 4 7 T 
( s , m e t h o x y l g r o u p ) , 2 . 0 7 H a t 7 -20 T (unsym. t , J = 7 Hz, m e t h y l e n e g r o u p 
a d j a c e n t t o t h e a r o m a t i c r i n g ) , and 2 . 0 7 H a t 7 - 4 4 T (unsym. t , J = 7 Hz, 
m e t h y l e n e g r o u p a d j a c e n t t o t h e c a r b o x y l g r o u p ) . T h i s s p e c t r u m i n d i c a t e d 
t h a t t h i s e s t e r i s e s s e n t i a l l y p u r e m e t h y l 3 - p - b i p h e n y l y l p r o p a n o a t e . 
VPC of t h e n e u t r a l p r o d u c t showed t h a t t h e r e were t h r e e compounds 
w i t h r e t e n t i o n t i m e s 2 . 3 m i n u t e s , 7 -8 m i n u t e s , and 9*0 m i n u t e s i n r a t i o s 
o f 6 3 ' 9 •* 9 ' 8 : 2 6 . 3 i n f r a c t i o n 1 and t h e r e were two compounds w i t h r e t e n ­
t i o n t i m e s o f 2 . 3 m i n u t e s and 9*0 m i n u t e s i n a r a t i o of 8 1 . 7 3 t o 1 8 . 2 7 i n 
f r a c t i o n 2 . The 2 . 3 m i n u t e s peak was i d e n t i f i e d a s e t h y l b i p h e n y l . 
I n r u n 3 , t h e r e a c t i o n of 4 . 9 8 g ( 0 . 0 2 3 0 mole) of l - c h l o r o - 2 - p -
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b i p h e n y l y l e t h a n e w i t h s l i g h t l y e x c e s s l i t h i u m ( 0 . 3 7 4 0 g, 0 . 0 5 3 9 g atom) 
was i n i t i a t e d i n t h e u s u a l manner a t - 8 ° . The t e m p e r a t u r e was t h e n l o w e r e d 
t o -70° and t h e c h l o r i d e i n 37 ml of anhydrous t e t r a h y d r o f u r a n was added 
d r o p w i s e o v e r a p e r i o d of 30 m i n u t e s a t -72 ± 2 ° . The f i r s t p o r t i o n of 
c h l o r i d e added c a u s e d t h e a p p e a r a n c e of a p i n k c o l o r which d e v e l o p e d t h r o u g h 
y e l l o w t o p u r p l e t h r o u g h o u t t h e a d d i t i o n . The s t i r r i n g was c o n t i n u e d a t 
-73° f o r 100 m i n u t e s and an a l i q u o t of 100 ml of t h e p u r p l e c o l o r e d s o l u ­
t i o n was c a r b o n a t e d ( f r a c t i o n 1 ) . The r e m a i n d e r of t h e s o l u t i o n was 
s t i r r e d a t -73° f o r an a d d i t i o n a l 40 m i n u t e s b e f o r e c a r b o n a t i o n ( f r a c t i o n 
2 ) . The s o l u t i o n b e f o r e c a r b o n a t i o n was p u r p l e . A u s u a l work-up y i e l d e d 
i n t h e f i r s t f r a c t i o n 0 . 0 8 6 7 g of a c i d i c m a t e r i a l and 2 . 2 2 g o f n e u t r a l 
m a t e r i a l ; i n t h e s e c o n d f r a c t i o n O.O85O g of a c i d i c m a t e r i a l and 2 . 1 5 g 
of n e u t r a l m a t e r i a l . Vapor p h a s e ch roma tog raphy of t h e n e u t r a l p r o d u c t s 
i s g i v e n i n T a b l e 9 . VPC of t h e m e t h y l e s t e r s p r o d u c e d O.O361 g ( 0 . 0 0 0 1 6 0 
mo le , 1 .53 p e r c e n t ) and 0 . 0 5 9 9 g (O.OOO265 mole , 2 . 5 6 p e r c e n t ) , r e s p e c t i v e l y , 
o f 3 - p - b i p h e n y l y l p r o p a n o i c a c i d i n f r a c t i o n s 1 and 2 . 
I n run 4 , t h e r e a c t i o n of 5 -01 g ( 0 . 0 2 3 1 mole) of l - c h l o r o - 2 - p -
b i p h e n y l y l e t h a n e w i t h a l a r g e e x c e s s o f l i t h i u m ( 2 . 5 5 g> O.367 g atom) was 
i n i t i a t e d a t -10° by a d d i n g 1 ml o f m e t h y l i o d i d e and c a . 4 p e r c e n t o f t h e 
h a l i d e s o l u t i o n i n 35 ml of t e t r a h y d r o f u r a n t o t h e r e a c t i o n v e s s e l ; t h e s o ­
l u t i o n was s t i r r e d a t -10 ± 5° f o r one h o u r . The f i n a l c o l o r o f t h e s o l u ­
t i o n a f t e r t h i s i n i t i a t i o n p e r i o d was g r e e n . The t e m p e r a t u r e was t h e n 
l o w e r e d t o -74° and t h e r e m a i n d e r o f t h e h a l i d e was added d r o p w i s e o v e r a 
p e r i o d of 20 m i n u t e s . The f i r s t p o r t i o n of h a l i d e added c a u s e d t h e a p p e a r ­
ance o f a p i n k c o l o r , which deepened t o brown a t t h e end o f a d d i t i o n . The 
s o l u t i o n was s t i r r e d a t -73° f o r a n o t h e r 10 m i n u t e s , when a g r e e n c o l o r 
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T a b l e 9* V a p o r - P h a s e C h r o m a t o g r a p h i c A n a l y s e s of N e u t r a l P r o d u c t s 
i n t h e S y n t h e s i s of 2 - p - B i p h e n y l y l e t h y l l i t h i u m (Run 3) 
R e t e n t i o n ( R e l a t i v e Area P e r c e n t I d e n t i f i c a t i o n 
Time R e t e n t i o n ( A b s o l u t e Y i e l d 
min, Time ) P e r c e n t ) 
F r a c t i o n 1 F r a c t i o n 2 
2 . 7 ( 1 . 0 0 ) 13 -76 2 5 . 3 5 
( 1 0 . 6 8 ) ( 1 7 . 9 1 ) p - E t h y l b i p h e n y l 
3 - 1 ( 1 . 1 5 ) 1 .68 1.04 
( 1 . 3 0 ) ( 0 . 7 3 ) p -V i n y l b i p h e n y l 
7 - 7 ( 2 . 8 5 ) 8 3 . 5 6 7 0 . 1 4 U n r e a c t e d C h l o r i d e 
( 5 4 . 3 8 ) ( M . 5 9 ) 
1 0 . 6 ( 3 - 9 3 ) 1 .00 3-47 
( 0 . 6 5 ) ( 2 . 0 6 ) 
VPC c o n d i t i o n s u s e d : t e m p e r a t u r e 1 5 7 ° ; f low r a t e 25 mm; p r e s s u r e 60 
p s i g . 
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s t a r t e d t o d e v e l o p . T h i s g r e e n c o l o r e d s o l u t i o n was i m m e d i a t e l y c a r b o n a t e d . 
A u s u a l work -up gave 2 . 7 3 g ( 0 . 0 1 2 1 mole , 5 2 . 2 p e r c e n t y i e l d ) of a c i d i c 
m a t e r i a l , m . p . 1 4 6 - 1 5 0 . 5 % and 3*08 g of s e m i - s o l i d n e u t r a l m a t e r i a l . A 
2 . 7 2 g sample o f t h e c r u d e a c i d i c p r o d u c t was vacuum s u b l i m e d a t 135° a t 
60 m i c r o n s y i e l d i n g 2 . 5 0 g ( 9 1 ' 9 p e r c e n t v o l a t i l e ) of w h i t e c r y s t a l s , m . p . 
1 5 0 - 1 . 5 ° . One r e c r y s t a l l i z a t i o n of 2 . 1 3 g of t h i s a c i d i c m a t e r i a l from 
e t h a n o l gave 1 .53 g> m . p . 1 5 0 - 1 5 1 . 5 ° . A s m a l l sample o f t h i s a c i d was 
a n a l y z e d f o r C, H c o n t e n t . 
A n a l . * Found: C, 7 9 - 8 1 , 7 9 - 9 5 ; H, 5 -94 , 6 . l 4 . C a l c d . f o r C^E^O^. 
C, 7 9 - 6 2 ; H, 6 . 2 4 . 
A n o t h e r sample of 0 . 3 4 1 g was c o n v e r t e d i n t o m e t h y l e s t e r ( 0 . 3 7 4 g, 
m . p . 56 .5-7 .5°) hy r e a c t i n g w i t h e x c e s s d i a z o m e t h a n e . A sample of t h i s 
m e t h y l e s t e r (p-PhC^H^CH^CH^CO^Me) was vacuum s u b l i m e d a t 80° and 30 m i ­
c r o n s , r e c r y s t a l l i z e d from m e t h a n o l , and a g a i n s u b l i m e d a t 93° and 30 
m i c r o n s t o g i v e an a n a l y t i c a l s a m p l e , m . p . 5 7 « 5 - 5 8 . 3 ° -
A n a l . * Found: C, 8 0 . 1 4 , 8 0 . 0 8 ; H, 6 . 7 0 , 6 . 7 1 . C a l c d . f o r C ^ H ^ O ^ 
C, 7 9 - 9 7 ; H, 6 . 7 1 -
The nmr s p e c t r u m of t h i s m e t h y l e s t e r showed 9-04 H a t 2 . 5 0 t o 3-00 
T (m, a r o m a t i c h y d r o g e n s ) , 3 -00 H a t 6 . 5 0 T ( s , m e t h o x y l g r o u p ) , I . 9 8 H 
c e n t e r e d a t 7 . 1 7 T (unsym. t , m e t h y l e n e g roup a d j a c e n t t o t h e a r o m a t i c 
r i n g ) , and 1 .98 H a t 7 -54 T ( u n s y . t , m e t h y l e n e g roup a d j a c e n t t o t h e c a r -
b o x y l g r o u p ) . T h i s nmr f u r t h e r c o n f i r m e d t h a t t h i s e s t e r was m e t h y l 3 - P -
b i p h e n y l y l p r o p a n o a t e . The n e u t r a l p r o d u c t was s u b j e c t e d t o VPC a n a l y s i s 
and found t o c o n t a i n o n l y one s i n g l e v o l a t i l e m a t e r i a l i n a b s o l u t e y i e l d 
of 9 . 6 6 p e r c e n t which was d o u b t l e s s l y e t h y l b i p h e n y l . 
-
A n a l y s i s by G a l b r a i t h L a b o r a t o r i e s , I n c . , K n o x v i l l e , T e n n e s s e e . 
66 
I n r u n 5> t h e r e a c t i o n o f 5 -01 g ( 0 . 2 3 1 mole) of l - c h l o r o - 2 - p -
b i p h e n y l y l e t h a n e w i t h l i t h i u m ( 2 . 5 0 g, O . 3 6 g a t o m ) was i n i t i a t e d i n t h e 
same way a s i n p r e v i o u s r u n s . Then t h e t e m p e r a t u r e was l o w e r e d t o -74° 
i n 10 m i n u t e s and t h e c h l o r i d e i n 40 ml of t e t r a h y d r o f u r a n was added a t 
-73° d r o p w i s e o v e r a p e r i o d o f l 4 m i n u t e s . The r e s u l t i n g r e d d i s h - b r o w n 
s o l u t i o n was s t i r r e d a t -73° f o r a n o t h e r s i x m i n u t e s ( t h e s o l u t i o n was 
s t i l l r e d d i s h brown) and f o u r a l i q u o t s of 5 ml samples were w i thd rawn f o r 
Gilman t i t r a t i o n and t h e r e m a i n d e r was f i l t e r e d t h r o u g h a s i p h o n t u b e p a c k e d 
l o o s e l y w i t h a s m a l l amount of g l a s s wool i n t o a 500-ml , t h r e e - n e c k e d , 
r o u n d - b o t t o m e d f l a s k u n d e r N . T h i s t i t r a t i o n d i d n o t show any i n f o r m a t i v e 
r e s u l t a p p a r e n t l y due t o t h e l a r g e e x c e s s of l i t h i u m . The f i l t e r e d s o l u ­
t i o n was k e p t a t Dry I c e - a c e t o n e b a t h t e m p e r a t u r e f o r f i v e m i n u t e s and 
a n o t h e r f o u r a l i q u o t s o f 5 ml samples were w i t h d r a w n f o r Gilman t i t r a t i o n . 
A f t e r one more hour of s t a n d i n g a t Dry I c e - a c e t o n e b a t h t e m p e r a t u r e , a n o t h e r 
f o u r a l i q u o t s of 5 ml samples were a g a i n w i t h d r a w n f o r Gilman t i t r a t i o n , 
and an a l i q u o t of 100 ml of t h e s o l u t i o n was c a r b o n a t e d ( f r a c t i o n l ) . 
These l a s t two t i t r a t i o n s a g a i n f a i l e d t o g i v e any u s e f u l i n f o r m a t i o n a b o u t 
t h e y i e l d s of o r g a n o l i t h i u m compounds, a p p a r e n t l y b e c a u s e t h e b e n z y l c h l o ­
r i d e sample u s e d t o r e a c t w i t h o r g a n o l i t h i u m compounds was no l o n g e r e f f e c ­
t i v e . The r e m a i n d e r of t h e s o l u t i o n was a l l o w e d t o s t a n d a t Dry I c e - a c e t o n e 
t e m p e r a t u r e f o r a t o t a l of f o u r h o u r s ( from t h e t i m e t h e f i l t r a t i o n was com­
p l e t e d ) b e f o r e c a r b o n a t i o n ( f r a c t i o n 2 ) . A u s u a l work-up y i e l d e d i n t h e 
f i r s t f r a c t i o n O.629 g ( 0 . 0 0 2 7 8 mo le , 2 6 . 5 p e r c e n t y i e l d ) o f s o l i d a c i d i c 
m a t e r i a l , m . p . 1 4 8 - 1 5 0 . 5 ° , and I . 3 8 g (O.OO758 mole , 7 2 . 2 p e r c e n t ) of s e m i ­
s o l i d n e u t r a l m a t e r i a l and i n t h e s econd f r a c t i o n 0 . 4 8 3 g ( 0 . 0 0 1 2 5 m o l e , 
2 0 . 4 p e r c e n t y i e l d ) of a c i d i c m a t e r i a l , m . p . 1 4 8 - 1 5 0 - 5 ° , and O.760 g 
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( 0 . 0 0 4 l 8 mo le , 6 8 . 2 p e r c e n t ) o f n e u t r a l m a t e r i a l . VPC of t h e n e u t r a l ma­
t e r i a l i s g i v e n i n T a b l e 1 0 . 
T a b l e 1 0 . VPC A n a l y s e s o f N e u t r a l P r o d u c t s i n t h e S y n t h e s e s 
of 2 - p _ - B i p h e n y l y l e t h y l l i t h i u m (Runs 5 and 6) 
R e t e n t i o n ( R e l a t i v e Area P e r c e n t 
Time R e t e n t i o n (Abs . Y i e l d 
min Time) %) 
Area P e r c e n t I d e n t i f i c a t i o n 
(Abs . Y i e l d 
Run 6 
95-60 
( 2 4 . 3 9 ) 
1 .10 
( 0 . 2 8 ) 
3 -7 
4 . 2 
1 1 . 1 
1 2 . 0 
1 4 . 0 
1 5 . 0 
1 6 . 6 
Run 5 
( 1 . 0 0 ) 
( 1 - 1 3 ) 
( 3 - 0 0 ) 
( 3 - 2 4 ) 
( 3 . 7 8 ) 
( ^ • 0 5 ) 
( 4 . 4 9 ) 
F r a c t . 1 F r a c t . 2 
5 0 . 0 0 
( 1 2 . 8 1 ) 
3 6 . 2 7 
( 7 . 8 0 ) 
13 -73 
( 2 . 9 5 ) 
5 3 . 6 6 
( 1 0 . 8 0 ) 
2 1 - 9 5 
( 3 - 7 1 ) 
2 4 . 3 9 
( 4 . 1 2 ) 
1 .10 
( 0 . 2 8 ) 
0 . 5 5 
( 0 . 1 4 ) 
1 .65 
( 0 . 4 2 ) 
p - E t h y l b i p h e n y l 
p - V i n y l b i p h e n y l 
l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e has a r e l a t i v e r e t e n t i o n t i m e o f 
3 - 0 9 , hence c o u l d p o s s i b l y be c o v e r e d u n d e r t h i s p e a k . 
VPC c o n d i t i o n s u s e d : t e m p e r a t u r e 1 5 0 ° ; f low r a t e 22 mm; p r e s s u r e 60 
p s i g . 
I n r u n 6 , t h e r e a c t i o n o f 5 - 0 1 g ( 0 . 0 2 3 1 mole) o f l - c h l o r o - 2 - p -
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b i p h e n y l y l e t h a n e w i t h l i t h i u m ( 2 - 5 5 g> O.367 g atom) was i n i t i a t e d i n t h e 
same manner as i n t h e p r e v i o u s r u n . Then t h e t e m p e r a t u r e was l o w e r e d t o 
-75° and t h e g r e e n i s h s o l u t i o n was s t i r r e d a t -75 ± 1° f o r one h o u r . The 
h a l i d e i n 25 ml of anhydrous t e t r a h y d r o f u r a n was added a t -76° d r o p w i s e 
o v e r a p e r i o d of 22 m i n u t e s . A b r o w n i s h - r e d c o l o r d e v e l o p e d i n t h e f i r s t 
m i n u t e of t h e a d d i t i o n . The s t i r r i n g was c o n t i n u e d a t -75° f o r 28 m i n u t e s 
when a g r e e n i s h c o l o r s t a r t e d t o d e v e l o p . The s o l u t i o n was t h e n f i l t e r e d 
t h r o u g h a s i p h o n t u b e p a c k e d a t t h e end l o o s e l y w i t h a s m a l l amount of g l a s s 
wool i n t o a 500-ml , r o u n d - b o t t o m e d , t h r e e - n e c k e d f l a s k u n d e r n i t r o g e n a t ­
m o s p h e r e . The s o l u t i o n a t -30° was g r e e n i s h w i t h s l i g h t r e d and was g r a d u ­
a l l y warmed up t o 0 .5° i n 17 m i n u t e s and k e p t a t 0 i 3° f o r one hour b e f o r e 
c a r b o n a t i o n . The s o l u t i o n b e f o r e c a r b o n a t i o n was r e d d i s h brown. The c a r ­
b o n a t e d p r o d u c t was a l l o w e d t o s t a n d o v e r n i g h t and t o i t was t h e n added 
100 ml of w a t e r and THF was removed u n d e r p a r t i a l vacuum. The r e s i d u e was 
t h e n a c i d i f i e d and e x t r a c t e d w i t h f o u r 100 ml p o r t i o n s of e t h e r . The 
e t h e r e a l e x t r a c t s were combined, washed w i t h t h r e e 100 ml p o r t i o n s of w a t e r , 
e x t r a c t e d w i t h a s o l u t i o n of sodium t h i o s u l f a t e (2 g Na^S^O^ i n 100 ml R^O, 
1 g N a l , and 1 ml a c e t i c a c i d ) , a g a i n washed w i t h two 100 ml p o r t i o n s of 
w a t e r . T h i s e t h e r s o l u t i o n was e x t r a c t e d w i t h t h r e e 100 ml p o r t i o n s of s i x 
p e r c e n t NaHCO^, washed w i t h w a t e r , d r i e d o v e r MgSO^, and f i l t e r e d . A f t e r 
e v a p o r a t i n g e t h e r , t h e r e was o b t a i n e d 2 . 8 6 g ( 0 . 0 1 5 7 mo le , 6 7 . 9 p e r c e n t 
y i e l d ) of s e m i - s o l i d n e u t r a l m a t e r i a l . The NaHCO^ e x t r a c t s and wash ing s o ­
l u t i o n s were combined, a c i d i f i e d , and e x t r a c t e d w i t h t h r e e 100 ml p o r t i o n s 
of e t h e r . T h i s e t h e r e a l s o l u t i o n was washed w i t h w a t e r , d r i e d o v e r a n h y d r o u s 
MgSO^, f i l t e r e d , and s o l v e n t e v a p o r a t e d t o g i v e I . 9 7 g ( 0 . 0 0 8 7 2 mole , 3 7 - 7 
p e r c e n t y i e l d ) of a c i d i c m a t e r i a l , m . p . 145-150° ( w i t h r e s i d u e ) . A sample 
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o f 0 . 2 1 4 g of t h i s c r u d e a c i d i c p r o d u c t was c o n v e r t e d i n t o 0 . 2 2 6 g (99*1 
p e r c e n t y i e l d b a s e d on t h e a c i d u s e d ) of m e t h y l e s t e r , m . p . 5 4 . 5 ~ 5 7 % 
which was s u b l i m e d a t 90° and 100 m i c r o n s y i e l d i n g 0 . 1 9 7 g (O.OOO819 mole , 
8 9 . 3 p e r c e n t ) of w h i t e c r y s t a l l i n e e s t e r , m . p . 53 '5~57° ( w i t h p r e m e l t i n g ) . 
A s m a l l p o r t i o n of t h e n e u t r a l p r o d u c t was s u b j e c t e d t o VPC a n a l y s i s ( s e e 
T a b l e 1 0 ) . A 2 . 4 l g sample o f t h i s n e u t r a l p r o d u c t was s u b l i m e d t h r e e 
t i m e s a t 50° and 50 m i c r o n s g i v i n g O.323 g o f c o l o r l e s s c r y s t a l l i n e m a t e r i a l , 
m . p . 34-35«5° ( r e p o r t e d m . p . o f p - b i p h e n y l y l e t h a n e : 3 2 - 3 4 ° ) . The nmr 
s p e c t r u m of t h i s h y d r o c a r b o n [ a m u l t i p l e t c e n t e r e d a t 2 . 8 3 T (9*00 H ) ; a 
t r i p l e t a t 7 - 4 9 T ( j = 7 . 5 Hz, I . 8 9 H ) ; a q u a r t e t a t 8 . 8 7 T ( J = 7 -5 Hz, 
3«04 H)] c o n f i r m e d t h e s t r u c t u r e of p - b i p h e n y l y l e t h a n e . 
R e a c t i o n o f 1 - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e - 1 , l - d ^ w i t h L i t h i u m 
The r e a c t i o n was c a r r i e d o u t i n t h e same k i n d of a p p a r a t u s a s i n 
t h e r e a c t i o n of l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e . I n t o 250 ml of f r e s h l y 
d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d 2 . 1 7 g ( 0 . 3 1 3 g atom) o f l i t h i u m ( 0 . 0 5 
p e r c e n t sodium max . ) c u t i n t o s m a l l p i e c e s and 1 ml of m e t h y l i o d i d e . The 
s o l u t i o n was c o o l e d u n d e r v i g o r o u s s t i r r i n g t o -9° and a s m a l l p o r t i o n (20 
d r o p s ) o f a s o l u t i o n o f 5 -01 g ( 0 . 0 2 2 1 mole) o f 1 - c h l o r o - 2 - p - b i p h e n y l y l -
e t h a n e - 1 , l - d ^ i n 25 ml o f anhy d r ous t e t r a h y d r o f u r a n was a d d e d . A p a l e p i n k 
c o l o r a p p e a r e d i n t h e f i r s t 30 s e c o n d s , which t u r n e d i n t o r e d d i s h brown and 
f i n a l l y i n t o g r e e n i n f i v e m i n u t e s . The s o l u t i o n was s t i r r e d a t -10 ± 3° 
f o r one h o u r and t h e n t h e t e m p e r a t u r e was l o w e r e d t o - 7 4 ° . The s t i r r i n g 
was c o n t i n u e d a t -70 ± 5° f o r 30 m i n u t e s and t h e n t h e r e m a i n d e r of t h e h a l i d e 
(36) A. Rembaum, A. E i s e n b e r g , R. Haack, and R. F . L a n d e l , J . Am. 
Chem. S o c , 8 9 , 1062 ( 1 9 6 7 ) . 
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was added d r o p w i s e o v e r a p e r i o d o f 17 m i n u t e s . The f i r s t p o r t i o n of h a l i d e 
added c a u s e d t h e r e a p p e a r a n c e of a l i g h t r e d d i s h brown c o l o r which deepened 
t h r o u g h o u t a d d i t i o n . The r e d d i s h brown s o l u t i o n was s t i r r e d a t -73 ± 2° 
f o r a n o t h e r 16 m i n u t e s when a g r e e n i s h c o l o r s t a r t e d t o d e v e l o p . The 
g r e e n i s h s o l u t i o n was i m m e d i a t e l y c a r b o n a t e d . A f t e r s t a n d i n g a t room t em­
p e r a t u r e f o r f o u r h o u r s , t h e p r o d u c t was worked up i n t h e same manner a s 
i n t h e l a s t r u n of t h e p r e v i o u s s e c t i o n y i e l d i n g 3*51 g ( 0 . 0 1 5 4 mo le , 6 9 . 3 
p e r c e n t y i e l d b a s e d on t h e c h l o r i d e u s e d ) of l i g h t y e l l o w i s h c r y s t a l l i n e 
a c i d i c m a t e r i a l , m . p . 146-150° w i t h r e s i d u e , and 2 . 4 l g of s e m i - s o l i d n e u ­
t r a l m a t e r i a l . A sample of O.639 g of t h e a c i d i c m a t e r i a l was c o n v e r t e d 
i n t o 0 . 6 6 4 g of m e t h y l e s t e r , m . p . 53~56.3° "with r e s i d u e , which was vacuum 
s u b l i m e d a t 95° and 30 m i c r o n s y i e l d i n g 0 . 5 7 6 g ( 9 0 . 6 p e r c e n t b a s e d on 
c r u d e a c i d u s e d ) of w h i t e c r y s t a l l i n e m a t e r i a l , m . p . 5 3 ~ 5 7 ' 7 ° ' The nmr 
s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 7 0 T ( 9 ' 0 0 H) , a r o m a t i c h y d r o g e n s ; a 
s i n g l e t a t 6 . 4 l T (3*01 H"), m e t h o x y l g r o u p ; and a s i n g l e t a t 7 ' 1 0 T ( 2 . 0 1 
H) , m e t h y l e n e g r o u p a d j a c e n t t o t h e a r o m a t i c r i n g ] i n d i c a t e d t h a t i t was 
p u r e m e t h y l 3 - p - b i p h e n y l y l p r o p a n o a t e - 2 , 2 - d ^ . The n e u t r a l m a t e r i a l was 
a n a l y z e d by VPC and found t o y i e l d 0 . 3 0 g ( c o n s t i t u t e d 9^ + p e r c e n t o f t h e 
v o l a t i l e h y d r o c a r b o n s ) of p - b i p h e n y l y l e t h a n e - d ^ t o g e t h e r w i t h t h r e e o t h e r s 
i n y i e l d s ( r e l a t i v e r e t e n t i o n t i m e , b a s e d on p - b i p h e n y l y l e t h a n e - 2 , 2 - d as 
s t a n d a r d ) of 0 . 0 0 7 4 g ( 3 - 8 6 ) , 0 . 0 0 3 0 g ( 4 . 1 4 ) , and O.OO96 g ( 4 . 5 7 ) . No 
f u r t h e r e f f o r t was made i n t h e p u r i f i c a t i o n and i d e n t i f i c a t i o n of t h e 
n e u t r a l p r o d u c t . 
I n r u n 2 , t h e r e a c t i o n of 4 . 6 6 g ( 0 . 0 2 1 3 mole) o f l - c h l o r o - 2 - p -
b i p h e n y l y l e t h a n e - 1 , 1 - d g w i t h l i t h i u m ( 2 . 1 8 g, 0 . 3 1 4 g atom) was i n i t i a t e d 
i n t h e same manner a s i n run 1, and t h e n t h e t e m p e r a t u r e was l o w e r e d t o 
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-68° and t h e s o l u t i o n was s t i r r e d a t -68 ± 2° f o r one h o u r . The r e m a i n d e r 
of t h e h a l i d e was added a t -68° d r o p w i s e o v e r a p e r i o d of 15 m i n u t e s . A 
r e d d i s h brown c o l o r a p p e a r e d i n t h e f i r s t m i n u t e of t h i s a d d i t i o n . The 
r e d d i s h brown s o l u t i o n was s t i r r e d a t -68° f o r 15 m i n u t e s u n t i l a g r e e n i s h 
c o l o r s t a r t e d t o d e v e l o p . T h i s p r e d o m i n a n t l y g r e e n i s h s o l u t i o n was t r a n s ­
f e r r e d t h r o u g h a s i p h o n t u b e p a c k e d l o o s e l y w i t h a s m a l l amount of g l a s s 
wool a t t h e end i n t o a 500 ml t h r e e - n e c k e d , r o u n d - b o t t o m e d f l a s k c o o l e d i n 
an i c e - b a t h u n d e r n i t r o g e n a t m o s p h e r e . The s o l u t i o n was k e p t u n d e r a n i t r o ­
gen a t m o s p h e r e a t 0 i 3° f o r 170 m i n u t e s and t h e n c a r b o n a t e d . The c o l o r of 
t h e s o l u t i o n b e f o r e c a r b o n a t i o n had changed from g r e e n t o b l a c k d u r i n g t h e 
f i r s t h o u r of s t a n d i n g and t h e n g r a d u a l l y t o s l i g h t l y r e d d i s h i n t h e n e x t 
20 m i n u t e s ; t h e f i n a l c o l o r was r e d d i s h brown. The c a r b o n a t e d p r o d u c t 
was worked up i n t h e same manner a s i n t h e p r e v i o u s r u n , e x c e p t t h a t a 
s o l u t i o n of 2 p e r c e n t KOH was u s e d i n s t e a d o f 6 p e r c e n t NaHCO^ f o r t h e e x ­
t r a c t i o n of t h e o r i g i n a l e t h e r e a l s o l u t i o n , g i v i n g 2 . 2 2 g ( 0 . 0 0 9 7 5 mole , 
4 5 . 7 p e r c e n t y i e l d ) of a c i d i c m a t e r i a l , m . p . 137-146° w i t h p r e m e l t i n g 
a r o u n d 1 2 5 ° , and 2 . 5 2 g o f n e u t r a l m a t e r i a l . A sample of 0 . 1 5 0 g of t h e 
a c i d i c m a t e r i a l was c o n v e r t e d i n t o 0 . 1 5 7 g of m e t h y l e s t e r . A 0 . 1 5 4 g 
sample of t h e l a t t e r was s u b l i m e d a t 85° a t 50 m i c r o n s p r e s s u r e t o g i v e 
0 . 1 1 9 g, m . p . 50 .5~57° ( p r e m e l t i n g a t 4 4 ° ) . The nmr s p e c t r u m of t h i s e s t e r 
showed 9 ' 0 0 H c e n t e r e d a t 2 . 7 0 T (m, a r o m a t i c h y d r o g e n s ) , 3 . 0 4 H a t 6 . 4 l T 
( s , m e t h o x y l g r o u p ) , I . 9 0 H a t 7 . 1 0 T ( S , m e t h y l e n e g roup a d j a c e n t t o t h e 
a r o m a t i c r i n g ) , and c a . 0 . 0 8 H a t 7 -45 T ( m e t h y l e n e g r o u p a d j a c e n t t o t h e 
c a r b o x y l g r o u p ) . A sample of t h e n e u t r a l m a t e r i a l was s u b j e c t e d t o VPC 
a n a l y s i s and found t o c o n t a i n i n t h e v o l a t i l e f r a c t i o n 9 8 . 6 p e r c e n t (by 
VPC a r e a ) of p - b i p h e n y l y l e t h a n e - d ( t h e a b s o l u t e y i e l d was 4 2 . 6 p e r c e n t 
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b a s e d on c h l o r i d e u s e d ) , 0 . 5 7 p e r c e n t o f a compound o f r e l a t i v e r e t e n t i o n 
t i m e 1 .13 ( b a s e d on r e t e n t i o n t i m e o f p - b i p h e n y l y l e t h a n e ) , and 0 . 8 l p e r c e n t 
o f a n o t h e r compound of r e l a t i v e r e t e n t i o n t i m e 4 . 4 3 * 
I n r u n 3 , 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - 1 , l - d 2 ( 4 - 5 1 g , 0 . 0 2 0 6 mole) 
was r e a c t e d w i t h l i t h i u m ( 2 . 2 0 g , 0 . 3 1 7 g atom) a t -73° i n t e t r a h y d r o f u r a n 
i n t h e u s u a l manner f o r 26 m i n u t e s (15 m i n u t e s a d d i t i o n and 11 m i n u t e s 
s t i r r i n g b e f o r e t h e a p p e a r a n c e o f a g r e e n c o l o r ) and t h e n t h e s o l u t i o n was 
f i l t e r e d i n t h e same way a s i n t h e p r e v i o u s r u n i n t o a 500 ml t h r e e - n e c k e d , 
r o u n d - b o t t o m e d f l a s k u n d e r n i t r o g e n a t m o s p h e r e . The g r e e n i s h s o l u t i o n a t 
-29° was warmed up t o 0° i n l 8 m i n u t e s i n an i c e - b a t h and t h e n a l l o w e d t o 
s t a n d a t 2 . 5 ± 1° f o r 16-jjr h o u r s b e f o r e c a r b o n a t i o n . A b l a c k c o l o r s t a r t e d 
t o d e v e l o p i n t h e f i r s t one and o n e - h a l f h o u r s of s t a n d i n g , which g r a d u a l l y 
t u r n e d t o r e d d i s h brown and t h e f i n a l c o l o r b e f o r e c a r b o n a t i o n was l i k e 
t h a t o f KMnO^. A u s u a l work -up y i e l d e d 0 . 8 4 2 g o f o i l y a c i d i c m a t e r i a l 
and 3 . 4 5 g o f s e m i - s o l i d n e u t r a l m a t e r i a l . The a c i d i c m a t e r i a l was r e a c t e d 
w i t h d i a z o m e t h a n e and t h e n a 0 . 7 7 2 g sample was s u b l i m e d a t 105° and 90 
m i c r o n s t o g i v e 0 . 2 5 6 g of s e m i - s o l i d m a t e r i a l . VPC and nmr o f t h i s sample 
showed t h a t i t c o n t a i n e d q u i t e a b i g f r a c t i o n o f n e u t r a l m a t e r i a l ( r a t i o of 
p _ - b i p h e n y l y l e t h a n e t o e s t e r s was 6 t o 1) a p p a r e n t l y due t o t h e i n c o m p l e t e ­
n e s s of s e p a r a t i o n d u r i n g w o r k - u p . The n e u t r a l m a t e r i a l was vacuum s u b ­
l i m e d t h r e e t i m e s a t 100° and 70 m i c r o n s g i v i n g some I . 6 7 g o f s e m i - s o l i d 
m a t e r i a l . One r e c r y s t a l l i z a t i o n from p e n t a n e gave 0 . 1 0 1 g of w h i t e c r y s t a l -
l i n e m a t e r i a l , m . p . 3 1 _ 3 ° ( p r e m e l t s a t 2 6 ° ) . VPC and nmr [ a m u l t i p l e t 
c e n t e r e d a t 2 . 8 3 T (9*00 H ) , a r o m a t i c h y d r o g e n s ; a d o u b l e t c e n t e r e d a t 7 « 5 2 T 
TMS was u s e d a s e x t e r n a l s t a n d a r d . 
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( 1 . 8 6 H, J = 8 Hz ) , m e t h y l e n e g roup a d j a c e n t t o t h e a r o m a t i c r i n g ; a t r i p ­
l e t c e n t e r e d a t 8 -93 T ( l . l 6 H, J = 7 -5 H z ) , m e t h y l g roup] of t h i s low 
m e l t i n g h y d r o c a r b o n i n d i c a t e d t h a t i t was p r e d o m i n a n t l y p - b i p h e n y l y l e t h a n e -
2 , 2 -d^ c o n t a m i n a t e d by no more t h a n 7*5 p e r c e n t of p - b i p h e n y l y l e t h a n e -
I n r u n k, 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - 1 , l - d g ( 5 - 0 2 g, 0 . 0 2 2 9 
mole) was r e a c t e d w i t h l i t h i u m ( 2 . 5 4 g> O.366 g atom) i n t e t r a h y d r o f u r a n 
a t -71° i n t h e u s u a l manner f o r 23 m i n u t e s (20 m i n u t e s a d d i t i o n and t h r e e 
m i n u t e s s t i r r i n g b e f o r e t h e r e a p p e a r a n c e o f a g r e e n c o l o r ) . The c o l o r o f 
t h e s o l u t i o n r ema ins g r e e n t h r o u g h o u t t h e a d d i t i o n u n t i l t h e l a s t m i n u t e 
when a brown c o l o r s t a r t e d t o d e v e l o p . The q u i c k n e s s o f t h e r e a p p e a r a n c e 
o f t h e g r e e n c o l o r was a p p a r e n t l y due t o t h e v e r y f i n e l y d i v i d e d m e t a l 
p a r t i c l e s . The g r e e n s o l u t i o n was t r a n s f e r r e d u s i n g t h e same t e c h n i q u e 
a s u s e d i n p r e v i o u s runs i n t o a 500-ml , t h r e e - n e c k e d , r o u n d - b o t t o m e d f l a s k 
u n d e r n i t r o g e n a t m o s p h e r e . The v e s s e l c o n t a i n i n g t h e s o l u t i o n a t -3° was 
s e a l e d a g a i n s t t h e a t m o s p h e r e w i t h w e l l g r e a s e d g l a s s s t o p p e r s and k e p t a t 
1 .0 ± 1° f o r n i n e h o u r s g i v i n g a r e d d i s h brown s o l u t i o n . T h i s r e d d i s h 
brown s o l u t i o n was t h e n c a r b o n a t e d . The c a r b o n a t e d p r o d u c t was a l l o w e d t o 
s t a n d a t room t e m p e r a t u r e f o r f o u r h o u r s and t o i t was added 100 ml o f 
w a t e r ; t e t r a h y d r o f u r a n was removed u n d e r p a r t i a l vacuum. The r e s i d u e was 
a c i d i f i e d , e x t r a c t e d w i t h f o u r 80 ml p o r t i o n s o f e t h e r , and t h e e t h e r e a l 
e x t r a c t was combined, washed w i t h 100 ml o f w a t e r , a s o l u t i o n o f sodium 
t h i o s u l f a t e (2 g N a ^ O y 1 g o f N a l , 1 ml H0AC, and 100 ml w a t e r ) , and 
t h r e e 80 ml p o r t i o n s of w a t e r . T h i s e t h e r e a l s o l u t i o n was t h e n e x t r a c t e d 
w i t h t h r e e 80 ml p o r t i o n s of 2 p e r c e n t K0H, washed t w i c e w i t h w a t e r , d r i e d 
o v e r MgSO^, and f i l t e r e d . A f t e r e v a p o r a t i n g e t h e r , t h e r e was o b t a i n e d ' 3 . 8 3 
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grams ( 0 . 0 2 0 8 mo le , 90*9 p e r c e n t y i e l d ) of s e m i - s o l i d n e u t r a l m a t e r i a l . 
The aqueous p h a s e s were combined, washed t w i c e w i t h e t h e r , a c i d i f i e d , and 
e x t r a c t e d w i t h t h r e e 100 ml p o r t i o n s of e t h e r . The e t h e r e a l e x t r a c t s were 
combined, washed t w i c e w i t h w a t e r , d r i e d o v e r MgSO^, f i l t e r e d , and s o l v e n t 
e v a p o r a t e d g i v i n g 0 . 9 1 5 g ( 0 . 0 0 4 0 3 mo le , 1 7 . 5 p e r c e n t y i e l d ) o f s e m i - s o l i d 
a c i d i c m a t e r i a l . A 0 « 9 l 4 g sample of t h i s c rude a c i d i c m a t e r i a l was r e ­
a c t e d w i t h d i a z o m e t h a n e y i e l d i n g 0 . 8 4 9 g ( 0 . 0 0 3 5 1 mole , 87*5 p e r c e n t b a s e d 
on a c i d u s e d ) of m e t h y l e s t e r . A 0 . 7 7 8 g sample o f t h i s m e t h y l e s t e r was 
s u b l i m e d t w i c e a t 85° a t 30 m i c r o n s t o g i v e 0 . 5 9 5 g ( 6 6 . 9 p e r c e n t y i e l d 
b a s e d on t h e a c i d i c m a t e r i a l u s e d ) , m . p . 5 4 - 7 . 5 ° . VPC of t h i s s u b l i m a t e 
showed t h a t t h e r e were f o u r v o l a t i l e e s t e r s among which m e t h y l 3 ~ P - b i p h e n y l y l -
p r o p a n o a t e - 2 , 2 - d ^ was o b t a i n e d i n 7 « 4 l p e r c e n t y i e l d ( c o n s t i t u t e d 6 6 . 5 p e r ­
c e n t of t h e t o t a l v o l a t i l e f r a c t i o n ) , and t h e r e m a i n i n g t h r e e e s t e r s o b ­
t a i n e d i n y i e l d s ( r e l a t i v e r e t e n t i o n t i m e , b a s e d on m e t h y l 3 ~ P - b i p h e n y l y l -
p r o p a n o a t e - d ^ ) o f 0 . 0 9 p e r c e n t ( 0 . 6 8 ) , 1 .05 p e r c e n t ( O . 7 6 ) , and 2 . 5 9 p e r ­
c e n t ( 1 . 4 4 ) were n o t i d e n t i f i e d . One r e c r y s t a l l i z a t i o n o f t h i s e s t e r m i x ­
t u r e from p e n t a n e gave 0 . 2 1 6 g o f a w h i t e f l a k y c r y s t a l , m . p . 5 6 . 5 - 7 * 5 ° • 
VPC of which showed o n l y one s i n g l e p e a k , and t h e nmr s p e c t r u m [ a m u l t i p l e t 
c e n t e r e d a t 2 . 7 0 T (9*66 H) , a r o m a t i c h y d r o g e n s ; a s i n g l e t a t 6 . 4 l T (3*00 
H) , m e t h o x y l g r o u p , a s i n g l e t a t 7*10 T ( 2 . 0 0 H) , m e t h y l e n e g r o u p a d j a c e n t 
t o t h e a r o m a t i c r i n g ] i n d i c a t e d t h a t t h i s sample was m e t h y l 2 - p - b i p h e n y l y l -
p r o p a n o a t e - 2 , 2 - d ^ w i t h i n e x p e r i m e n t a l e r r o r . A sample of t h e c r u d e n e u t r a l 
p r o d u c t was s u b j e c t e d t o VPC a n a l y s i s and found t o c o n t a i n , i n t h e v o l a t i l e 
p o r t i o n , 9 6 . 0 p e r c e n t of p_-b i p h e n y l y l e t h a n e - d ^ t o g e t h e r w i t h f o u r o t h e r s 
i n r e l a t i v e amount ( r e l a t i v e r e t e n t i o n t i m e , b a s e d on p - b i p h e n y l y l e t h a n e -
d 2 ) o f O.38 p e r c e n t ( I . 8 5 ) , 1 .44 p e r c e n t ( 2 . 2 3 ) , I . 6 3 p e r c e n t ( 3 - 5 4 ) , and 
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O.58 p e r c e n t ( 4 . 0 4 ) . A 3 ' 2 8 g sample of t h i s c r u d e n e u t r a l m a t e r i a l was 
s u b l i m e d t w i c e a t 65° a t 100 m i c r o n s p r e s s u r e g i v i n g I . 8 5 g ( 5 1 - 6 p e r c e n t 
y i e l d b a s e d on t h e c h l o r i d e u s e d ) o f a s o l i d , m . p . 3 2 - 3 ° • The n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 8 5 T ( 9 - 0 0 H) , a r o ­
m a t i c h y d r o g e n s ; a d o u b l e t c e n t e r e d a t 7 . 4 9 T ( I . 9 2 H) , m e t h y l e n e g r o u p 
a d j a c e n t t o t h e a r o m a t i c r i n g ; a t r i p l e t c e n t e r e d a t 8 . 9 I T ( 1 . 1 3 H) , 
m e t h y l g roup ] showed t h a t i t was p r e d o m i n a n t l y p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ 
c o n t a m i n a t e d by l e s s t h a n 5 ' 3 p e r c e n t of p - b i p h e n y l y l e t h a n e - 1 , l - d ^ • 
I n r u n 5> t h e r e a c t i o n of l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , l - d ^ 
( 2 . 0 1 g , 0 . 0 0 9 1 8 mole) w i t h l i t h i u m (O.96O g , O . I 3 8 g atom) i n t e t r a h y d r o ­
f u r a n was i n i t i a t e d i n t h e u s u a l manner a t - 1 0 ° . Then t h e t e m p e r a t u r e was 
l o w e r e d t o -65° and t h e b a l a n c e of t h e h a l i d e s o l u t i o n t o g e t h e r w i t h 3 ' 9 4 
g ( 0 . 0 3 ^ 0 mole) of N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e (TMEDA) was added 
d r o p w i s e o v e r a p e r i o d of 25 m i n u t e s . The f i r s t p o r t i o n of h a l i d e added 
c a u s e d t h e deve lopmen t of a p i n k c o l o r and t h e c o l o r n e a r t h e end of t h e 
a d d i t i o n was r e d d i s h p u r p l e . The r e s u l t i n g r e d d i s h p u r p l e s o l u t i o n was 
s t i r r e d a t - 6 5 0 f o r 10 m i n u t e s and t h e n f i l t e r e d t h r o u g h a s i p h o n t u b e 
p a c k e d a t one end l o o s e l y w i t h g l a s s wool i n t o a 500-ml , t h r e e - n e c k e d , r o u n d 
b o t t o m e d f l a s k . T h i s f l a s k c o n t a i n i n g t h e r e d d i s h p u r p l e s o l u t i o n of o rgano 
l i t h i u m compound was a l l o w e d t o s t a n d a t 4° f o r one hour w i t h o c c a s i o n a l 
s h a k i n g by hand and t h e n c a r b o n a t e d . The s o l u t i o n b e f o r e c a r b o n a t i o n was 
r e d d i s h brown. The n e x t day , w a t e r was added t o t h e s o l u t i o n t o decompose 
t h e u n r e a c t e d l i t h i u m and t h e r e s u l t i n g s o l u t i o n was a c i d i f i e d . THF was 
removed u n d e r p a r t i a l vacuum and t h e r e s i d u e was e x t r a c t e d f o u r t i m e s w i t h 
a t o t a l of 500 ml of e t h e r . The e t h e r e a l e x t r a c t s were combined, washed 
w i t h w a t e r , e x t r a c t e d w i t h a 3 p e r c e n t KOH s o l u t i o n , washed a g a i n w i t h 
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w a t e r , and d r i e d o v e r anhydrous MgSO^. A f t e r r emoving e t h e r u n d e r p a r t i a l 
vacuum, n e u t r a l m a t e r i a l was o b t a i n e d i n an amount of 1.7k g ( 0 . 0 0 9 4 6 mole) 
as a l i g h t y e l l o w wet o i l . The a l k a l i n e s o l u t i o n was a c i d i f i e d , e x t r a c t e d 
w i t h t h r e e 100 ml p o r t i o n s o f e t h e r , and t h e e t h e r e a l e x t r a c t s were com­
b i n e d , washed w i t h w a t e r , d r i e d o v e r MgSO^, and f i l t e r e d . A f t e r removing 
t h e e t h e r , t h e r e was o b t a i n e d 0 . 2 7 8 g ( 0 . 0 0 1 2 2 mole , 1 3 . 3 p e r c e n t ) of a 
l i g h t y e l l o w a c i d i c m a t e r i a l , m .p . 1 4 0 - 1 5 0 ° . T h i s a c i d i c m a t e r i a l was 
r e a c t e d w i t h d i a z o m e t h a n e t o g i v e 0 . 2 9 9 g of m e t h y l e s t e r , m . p . 4 5 - 5 4 ° , 
w i t h u n m e l t e d r e s i d u e . A 0 . 2 4 4 g sample o f t h i s c rude e s t e r was s u b l i m e d 
t w i c e a t 72 t o 90° a t 60 m i c r o n s p r e s s u r e t o g i v e 0 . 1 7 3 g of w h i t e s o l i d , 
m . p . 5 2 - 5 ° . The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 7 0 T ( 9 . 0 0 H) , 
a r o m a t i c h y d r o g e n s ; a s i n g l e t a t 6 . 4 l T ( 2 . 9 7 H ) , m e t h o x y l g r o u p ; and a 
s i n g l e t a t 7*10 T ( I . 8 9 H) , m e t h y l e n e g roup a d j a c e n t t o t h e a r o m a t i c r i n g ] 
i n d i c a t e d t h a t i t was m e t h y l 3 - p - b i p h e n y l y l p r o p a n o a t e - 2 , 2 - d 2 c o n t a i n i n g no 
r e a r r a n g e d m e t h y l e s t e r w i t h i n e x p e r i m e n t a l e r r o r (6 p e r c e n t ) . The c r u d e 
n e u t r a l p r o d u c t above was a n a l y z e d by VPC and found t o c o n t a i n 0 . 6 2 2 g 
( 0 . 0 0 3 3 8 mo le , 3 6 . 8 p e r c e n t y i e l d ) o f p - b i p h e n y l y l e t h a n e - d ^ , no u n r e a c t e d 
c h l o r i d e , and t h e r e m a i n d e r n o n - v o l a t i l e compounds. A 1 .60 g sample of 
t h i s c rude n e u t r a l p r o d u c t was s u b l i m e d t w i c e a t 52° and 70 m i c r o n s p r e s ­
s u r e t o g i v e O.529 g o f a t r a n s p a r e n t c r y s t a l l i n e m a t e r i a l , m . p . 2 8 - 3 1 ° • 
A s m a l l sample of t h i s c r y s t a l l i n e m a t e r i a l was s u b l i m e d t h e t h i r d t i m e 
and t h e n a n a l y z e d by t h e nmr. T h i s a n a l y s i s showed t h a t i t was p - b i p h e n y l y l -
e t h a n e - 2 , 2 - d 2 c o n t a m i n a t e d by l e s s t h a n 7*1 p e r c e n t ± 3 p e r c e n t ( i f a t a l l ) 
o f p - b i p h e n y l y l e t h a n e - l , l - d . 
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R e a c t i o n of l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
w i t h Cesium and Cs-K-Na A l l o y 
I n r u n 1 , l i q u i d c e s i u m - p o t a s s i u m - s o d i u m a l l o y was p r e p a r e d i n t h e 
u s u a l a p p a r a t u s from 5.1Q g ( 0 . 0 3 9 0 g atom) of ces ium, 1 .71 g ( 0 . 0 4 3 8 g 
atom) o f p o t a s s i u m , and 0 . 2 1 3 g ( 0 . 0 0 9 2 6 g atom) of sodium i n 250 ml of 
t e t r a h y d r o f u r a n , h e a t e d a t r e f l u x w i t h s t i r r i n g . The c o l o r of t h e s o l u ­
t i o n changed from b l u e t o g r e e n and f i n a l l y t o brown d u r i n g s t i r r i n g . 
A f t e r s t i r r i n g a t r e f l u x f o r one h o u r , t h e m i x t u r e was c o o l e d t o -70° and 
a s o l u t i o n o f O.967 g ( 0 . 0 0 4 4 6 mole) of 1 - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e i n 
25 ml of d r y t e t r a h y d r o f u r a n was added d r o p w i s e o v e r a p e r i o d of t h r e e 
m i n u t e s . The f i r s t p o r t i o n of t h e h a l i d e added c a u s e d t h e deve lopmen t of 
a b r i g h t r e d c o l o r . S t i r r i n g was c o n t i n u e d a t -78° f o r a n o t h e r t h r e e 
m i n u t e s , whereupon a brown c o l o r s t a r t e d t o d e v e l o p and t h e s o l u t i o n became 
v i s c o u s ; t h i s s o l u t i o n was i m m e d i a t e l y c a r b o n a t e d . A u s u a l work-up 
y i e l d e d 0 . 6 7 9 g of b r o w n i s h s o l i d a c i d i c m a t e r i a l , m . p . > 203° w i t h decom­
p o s i t i o n , and O.893 g of g r e e n i s h o i l y n e u t r a l m a t e r i a l . VPC of t h e n e u ­
t r a l m a t e r i a l showed t h a t p - b i p h e n y l y l e t h a n e was t h e o n l y v o l a t i l e n e u t r a l 
p r o d u c t c o n t a m i n a t e d by l e s s t h a n one p e r c e n t of a l ower m o l e c u l a r w e i g h t 
compound. A 0 . 7 9 0 g sample of t h i s n e u t r a l m a t e r i a l was s u b l i m e d a t 65° 
and 80 m i c r o n s p r e s s u r e t o g i v e 0 . 0 5 9 1 g ° f l i g h t brown l i q u i d . VPC of 
t h e a c i d i c p r o d u c t ( a s m e t h y l e s t e r s ) showed o n l y two compounds; t h e a b ­
s o l u t e y i e l d of each was 0 . 0 1 3 g ( 1 . 2 6 p e r c e n t b a s e d on t h e h a l i d e u s e d ) . 
One of them was i d e n t i f i e d as m e t h y l 3 - p - h i p h e n y l y l p r o p a n o a t e , and t h e 
o t h e r one w i t h a r e l a t i v e r e t e n t i o n t i m e of 0 . 7 5 ( b a s e d on m e t h y l 3"P" 
b i p h e n y l y l p r o p a n o a t e ) was u n i d e n t i f i e d . 
I n r u n 2 , l i q u i d c e s i u m - p o t a s s i u m - s o d i u m a l l o y was p r e p a r e d i n t h e 
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same manner a s i n r u n 1 from 5 .47 g ( 0 . 0 4 l l g atom) of ces ium, 1 .68 g 
( 0 . 0 4 3 1 g atom) of p o t a s s i u m , and 0 . 2 0 5 g (O.OO89 g atom) of sodium i n 
250 ml of t e t r a h y d r o f u r a n . The t e m p e r a t u r e was t h e n l o w e r e d t o -67° and 
s t i r r i n g was c o n t i n u e d a t -67° f o r 30 m i n u t e s . A s o l u t i o n o f 1 .01 g 
( 0 . 0 0 4 6 6 mole ) of t h e c h l o r i d e i n 25 ml o f d r y t e t r a h y d r o f u r a n was added 
d r o p w i s e o v e r a p e r i o d of e i g h t and o n e - h a l f m i n u t e s and s t i r r i n g was c o n ­
t i n u e d a t -64° f o r one a d d i t i o n a l m i n u t e ; t h e n t h e b r o w n i s h s o l u t i o n was 
c a r b o n a t e d . A u s u a l work-up gave 1 .13 g of a c i d i c m a t e r i a l , m . p . 170-210° 
w i t h p r e m e l t i n g and d e c o m p o s i t i o n , and 0 . 4 6 2 g of b r o w n i s h t a r r y n e u t r a l 
m a t e r i a l . The n e u t r a l m a t e r i a l was s u b j e c t e d t o VPC a n a l y s i s and was 
found t o c o n t a i n 0 .000327 g of p - b i p h e n y l y l e t h a n e t o g e t h e r w i t h 0 . 0 0 2 7 3 g 
of a compound of s h o r t e r r e t e n t i o n t i m e ( r e l a t i v e r e t e n t i o n t i m e O.76 b a s e d 
on p - b i p h e n y l y l e t h a n e ) . VPC of t h e a c i d i c m a t e r i a l ( a s m e t h y l e s t e r s ) 
showed t h a t t h e r e were a t o t a l of n i n e compounds o b t a i n e d i n an o v e r a l l 
y i e l d of 0 . 2 5 0 g ( 0 . 0 0 1 0 4 mo le , 2 2 - 3 p e r c e n t ) . Among t h e s e m e t h y l 3 - p -
b i p h e n y l y l p r o p a n o a t e was o b t a i n e d i n o n l y 0 . 0 0 5 4 g ( 2 . 2 5 X 10 5 mo le , 
0 . 4 8 2 p e r c e n t b a s e d on t h e h a l i d e u s e d ) . 
I n run 3- c e s i u m - p o t a s s i u m - s o d i u m a l l o y (O.58 ml , c a . 0 . 0 1 1 g a t o m ) , 
p r e v i o u s l y p r e p a r e d from 5-00 g of ces ium, I . 6 7 g of p o t a s s i u m , and 0 . 1 8 6 
g of sodium, was p l a c e d i n 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n . 
The s o l u t i o n was s t i r r e d a t r e f l u x f o r one h o u r and t h e n c o o l e d t o -63° 
g i v i n g a g r e e n i s h s o l u t i o n . A s o l u t i o n of 1.02 g ( 0 . 0 0 4 7 1 mole) of t h e 
c h l o r i d e i n 25 ml of d r y THF was added d r o p w i s e o v e r a p e r i o d o f 37 m i n u t e s 
and s t i r r i n g was c o n t i n u e d a t -63° f o r a n o t h e r f i v e m i n u t e s b e f o r e c a r b o n ­
a t i o n . The f i r s t p o r t i o n of t h e h a l i d e added c a u s e d a r e d c o l o r t o a p ­
p e a r i n t h e s o l u t i o n and t h e f i n a l c o l o r was r e d d i s h brown. A u s u a l 
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w o r k - u p y i e l d e d 1 .10 g of l i g h t b r o w n i s h t a r r y n e u t r a l m a t e r i a l and O.382 
g of b r o w n i s h t a r r y a c i d i c m a t e r i a l . A 0 . 9 3 2 g sample o f t h e n e u t r a l ma­
t e r i a l was s u b l i m e d a t 80° and 50 m i c r o n s p r e s s u r e t o g i v e 0 . 3 5 2 g ( 0 . 0 0 1 9 3 
mole , 4-1.0 p e r c e n t y i e l d b a s e d on t h e h a l i d e u s e d ) of l i g h t y e l l o w l i q u i d ; 
v a p o r - p h a s e ch roma tog raphy showed o n l y a s i n g l e peak i d e n t i f i e d by c o m p a r i ­
son of r e t e n t i o n t i m e a s p - b i p h e n y l y l e t h a n e ( 0 . 2 7 8 g, 32.1+ p e r c e n t y i e l d 
b a s e d on t h e h a l i d e u s e d ) . The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2.81+ 
T (9.OO H) , a r o m a t i c h y d r o g e n s ; a q u a r t e t c e n t e r e d a t 7*51 T ( 2 . 0 8 H ) ; 
m e t h y l e n e g r o u p a d j a c e n t t o t h e a r o m a t i c r i n g ; and a t r i p l e t on t o p of a 
m u l t i p l e t a t 8 .92 T ( c a . 6 . 5 H"), m e t h y l g roup] i n d i c a t e d t h a t i t was p -
b i p h e n y l y l e t h a n e c o n t a m i n a t e d by i m p u r i t i e s a p p a r e n t l y from t h e l u b r i c a n t . 
VPC of t h e a c i d i c m a t e r i a l ( a s m e t h y l e s t e r s ) showed t h e p r e s e n c e of s e v e n 
v o l a t i l e compounds i n an o v e r a l l y i e l d of 0 .00886 g, which c o n t a i n e d O.OO33I+ 
g o f m e t h y l 3 - p b i p h e n y l y l p r o p a n o t e . 
I n run 4 , ces ium (3.4-7 g, 0 . 0 2 6 1 g atom) was p l a c e d i n 250 ml of 
f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n and t h e m i x t u r e was s t i r r e d a t r e f l u x 
f o r 30 m i n u t e s g i v i n g a d a r k g r e e n s o l u t i o n w i t h f i n e l y d i v i d e d m e t a l p a r ­
t i c l e s . Then, a s o l u t i o n of 2.1+6 g ( 0 . 0 1 1 4 mole) of 1 - c h l o r o - 2 - p - b i p h e n y l y l ­
e t h a n e i n 25 ml of a n h y d r o u s t e t r a h y d r o f u r a n was added d r o p w i s e o v e r a p e r i o d 
o f 20 m i n u t e s . The r e s u l t i n g r e d d i s h brown s o l u t i o n was s t i r r e d a t r e f l u x 
f o r f i v e m i n u t e s and t h e n c o o l e d a t room t e m p e r a t u r e w i t h o u t s t i r r i n g f o r 
10 m i n u t e s b e f o r e c a r b o n a t i o n . A u s u a l work-up y i e l d e d I . 3 8 g of n e u t r a l 
m a t e r i a l and 1 .43 g of s o l i d a c i d i c m a t e r i a l , m . p . 118-320° w i t h d e c o m p o s i ­
t i o n . VPC of t h e c rude n e u t r a l p r o d u c t y i e l d e d O.369 g ( 0 . 0 0 2 0 2 mo le , 1 7 . 8 
p e r c e n t y i e l d b a s e d on t h e h a l i d e u s e d ) o f p - b i p h e n y l y l e t h a n e which c o n s t i ­
t u t e d 95*1 p e r c e n t of t h e v o l a t i l e h y d r o c a r b o n s [ t h e r e were two u n i d e n t i f i e d 
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compounds w i t h a r e a p e r c e n t ( r e l a t i v e r e t e n t i o n t i m e , b a s e d on p - b i p h e n y l y l -
e t h a n e ) of 2 . 8 (O.676) and 2 . 1 ( 4 . 6 0 ) ] . A 1 .23 g sample of t h e c r u d e n e u ­
t r a l m a t e r i a l was s u b l i m e d a t 70° a t 60 m i c r o n s p r e s s u r e t o g i v e 0 . 3 1 4 g 
o f an amber s e m i - s o l i d , which a f t e r one r e c r y s t a l l i z a t i o n from p e n t a n e gave 
0 . 0 6 l 2 g o f a c o l o r l e s s c r y s t a l l i n e m a t e r i a l . T h i s c r y s t a l l i n e m a t e r i a l 
m e l t e d a t room t e m p e r a t u r e and t h e nmr s p e c t r u m [ a m u l t i p l e t a t 2 . 8 3 T 
( 9 ' 0 H) , a r o m a t i c h y d r o g e n s ; a q u a r t e t c e n t e r e d a t 7«47 T ( 2 . 0 H) , m e t h y l ­
ene g roup a d j a c e n t t o t h e a r o m a t i c r i n g ; and a t r i p l e t on t o p of a m u l t i p l e t 
a t 8 . 8 7 T ( c a . 3«6 H)] i n d i c a t e d t h a t i t was p - b i p h e n y l y l e t h a n e c o n t a m i n a t e d 
by s o m e . i m p u r i t i e s a p p a r e n t l y from t h e l u b r i c a n t . 
R e a c t i o n o f l - C h l o r o - 2 - p _ - b i p h e n y l y l e t h a n e - l , l - d n 
w i t h Cesium and Cs-K-Na A l l o y 
I n t o 300 ml o f f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d 0 . 5 5 ml 
( c a . 0 . 0 1 0 7 g atom) of c e s i u m - p o t a s s i u m - s o d i u m a l l o y p r e p a r e d from 2 3 - 8 g 
o f ce s ium, 7 -96 g o f p o t a s s i u m , and 0 . 8 8 0 g of sod ium. The m i x t u r e was 
s t i r r e d a t r e f l u x f o r one h o u r and t h e n c o o l e d t o - 6 5 % f o l l o w e d by s t i r ­
r i n g f o r 30 m i n u t e s a t -65 ± 3 ° . A s o l u t i o n of O.982 g ( 0 - 0 0 4 4 9 mole) 1 -
c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - 1 , l - d 2 i n 25 ml of d r y THF was added d r o p w i s e 
o v e r a- p e r i o d o f 40 m i n u t e s and s t i r r i n g was c o n t i n u e d a t -66 ± 2° f o r an 
a d d i t i o n a l f i v e m i n u t e s b e f o r e c a r b o n a t i o n . The f i r s t p o r t i o n of t h e 
h a l i d e added c a u s e d t h e deve lopmen t o f a b l a c k - b r o w n c o l o r i n t h e s o l u t i o n 
and t h e f i n a l c o l o r b e f o r e c a r b o n a t i o n was r e d d i s h brown. A u s u a l work -up 
y i e l d e d 1.32 g o f g r e e n i s h - b l a c k t a r r y n e u t r a l m a t e r i a l and 0 . 2 0 2 g of 
l i g h t brown t a r r y a c i d i c m a t e r i a l . VPC of t h e n e u t r a l m a t e r i a l showed t h a t 
i t c o n t a i n e d 0 . 2 3 0 g ( 2 7 - 8 p e r c e n t y i e l d b a s e d on t h e h a l i d e u s e d ) of p_-
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b i p h e n y l y l e t h a n e - d 2 , 0 . 0 2 3 8 g ( 2 . 9 1 p e r c e n t y i e l d ) o f p - b i p h e n y l y l e t h e n e - d 2 , 
t o g e t h e r w i t h 0 . 1 0 0 g ( 1 0 . 3 p e r c e n t y i e l d ) of u n r e a c t e d c h l o r i d e . A 1 .20 g 
sample o f t h i s c r u d e p r o d u c t was s u b l i m e d t w i c e a t 60° and 80 m i c r o n s p r e s ­
s u r e t o g i v e 0 . 2 6 l g o f a s e m i - s o l i d . The nmr o f t h i s sample showed t h a t 
i t c o n t a i n e d t h e t h r e e compounds i d e n t i f i e d by VPC above t o g e t h e r w i t h some 
i m p u r i t i e s a p p a r e n t l y from t h e l u b r i c a n t . VPC of t h e a c i d i c p r o d u c t ( a s 
m e t h y l e s t e r s ) showed t h a t i t c o n t a i n e d a t l e a s t 10 compounds i n an o v e r a l l 
y i e l d of o n l y 0 . 0 0 9 0 5 g (O.83 p e r c e n t b a s e d on t h e h a l i d e u s e d ) and among 
t h e s e m e t h y l 3 - p - b i p h e n y l y l p r o p a n o a t e - d 2 was o b t a i n e d i n o n l y 0 . 0 0 1 1 9 g . 
I n r u n 2 , i n t o 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was p l a c e d 
0 . 8 2 7 g ( 0 . 0 1 0 4 g atom) o f t h e same ces ium a l l o y u s e d i n r u n 1 and t h e s o ­
l u t i o n was s t i r r e d a t r e f l u x f o r 30 m i n u t e s g i v i n g b l u e c o l o r which e v e n t u ­
a l l y became brown. The t e m p e r a t u r e was t h e n l o w e r e d t o - 6 5 ° ; t h e r e s u l t i n g 
g r e e n s o l u t i o n s t i r r e d a t -65 ± 2° f o r 40 m i n u t e s , and a s o l u t i o n of 0 . 9 5 4 
g ( 0 . 0 0 4 3 6 mole) of t h e h a l i d e i n 25 ml of a n h y d r o u s t e t r a h y d r o f u r a n was 
added d r o p w i s e o v e r a p e r i o d o f 30 m i n u t e s . The f i r s t p o r t i o n o f h a l i d e 
added c a u s e d t h e a p p e a r a n c e of a b r i g h t r e d c o l o r i n t h e s o l u t i o n and t h e 
f i n a l c o l o r was deep r e d . T h i s r e d s o l u t i o n was s t i r r e d a t -65° f o r f i v e 
m i n u t e s b e f o r e c a r b o n a t i o n . A u s u a l work -up y i e l d e d 0 . 1 0 7 g o f a s e m i ­
s o l i d a c i d i c m a t e r i a l and 1 .10 g o f a y e l l o w t a r r y n e u t r a l m a t e r i a l . VPC 
o f t h i s c r u d e n e u t r a l m a t e r i a l p r o d u c e d p - b i p h e n y l y l e t h a n e - d 2 , p - b i p h e n y l y l -
e t h e n e - d 2 , and t h e u n r e a c t e d c h l o r i d e i n y i e l d s ( b a s e d on t h e s t a r t i n g 
h a l i d e u s e d ) o f 2 0 . 8 p e r c e n t ( 0 . 1 6 7 g , O.OOO906 m o l e ) , 3 . 7 1 p e r c e n t ( 0 . 0 2 9 4 
g, 0 . 0 0 0 1 6 1 m o l e ) , and 8 . 6 7 p e r c e n t ( 0 . 0 8 2 7 g, O.OOO378 m o l e ) , r e s p e c t i v e l y . 
A 0 . 9 0 0 g sample was s u b l i m e d t w i c e a t 70° and 20 m i c r o n s p r e s s u r e y i e l d i n g 
0 . 2 2 7 g o f a l i g h t y e l l o w s e m i - s o l i d s u b l i m a t e . The nmr a n a l y s i s showed 
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t h a t i t c o n t a i n e d a l l o f t h e t h r e e compounds i d e n t i f i e d by VPC above t o ­
g e t h e r w i t h some i m p u r i t i e s a p p a r e n t l y from t h e l u b r i c a n t . An a t t e m p t e d 
r e c r y s t a l l i z a t i o n f a i l e d t o g i v e any p u r e sample f o r nmr a n a l y s i s . 
I n r u n 3 , i n t o 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was 
p l a c e d I . 6 7 g ( 0 . 0 2 1 5 g atom) o f t h o r o u g h l y washed ( w i t h p e n t a n e and t e t r a ­
h y d r o f u r a n ) ces ium a l l o y and t h e s o l u t i o n was s t i r r e d a t r e f l u x f o r 30 
m i n u t e s . The r e s u l t i n g g r e e n i s h s o l u t i o n which t u r n e d b l u e a g a i n a f t e r 
c o o l i n g t o -65° was s t i r r e d a t -65° f o r 30 m i n u t e s , t h e n a s o l u t i o n of 
1 ' 5 3 g ( 0 . 0 0 6 9 9 mole) of t h e h a l i d e i n 25 ml o f anhydrous t e t r a h y d r o f u r a n 
was added d r o p w i s e o v e r a p e r i o d o f 30 m i n u t e s whereupon t h e o r i g i n a l c h e r r y 
r e d c o l o r t u r n e d b l a c k brown. T h i s b l a c k brown s o l u t i o n was s t i r r e d a t 
-65° f o r f i v e m i n u t e s and t h e n c a r b o n a t e d . The p r o d u c t was worked up i n 
t h e u s u a l manner t o g i v e 0 . 8 0 5 g of l i g h t b r o w n i s h o i l y n e u t r a l m a t e r i a l 
and 0 . 9 5 2 g of a y e l l o w i s h a c i d i c m a t e r i a l . VPC a n a l y s i s of t h e c r u d e 
n e u t r a l m a t e r i a l p r o d u c e d 0 . 3 1 7 g ( 0 . 0 0 1 7 2 mo le , 2 4 . 6 p e r c e n t y i e l d b a s e d 
on t h e h a l i d e u s e d ) p - b i p h e n y l y l e t h a n e - d ^ c o n t a m i n a t e d by l e s s t h a n one p e r ­
c e n t o f i m p u r i t y i f a n y . A 0 . 7 4 2 g sample of t h i s n e u t r a l m a t e r i a l was s u b ­
l i m e d t w i c e a t 65° a t 50 m i c r o n s p r e s s u r e t o g i v e 0 . 2 6 8 g o f a l i g h t b l u e 
c r y s t a l l i n e s o l i d , m . p . 29-32° ( p r e m e l t s ~ 2 6 ° ) , one r e c r y s t a l l i z a t i o n o f 
which from p e n t a n e gave 0 . 1 1 3 g of a w h i t e s o l i d , m . p . 3 3 ~ 3 3 ' 6 ° . The nmr 
s p e c t r u m [ a m u l t i p l e t a t 2 . 7 4 T (9«00 H ) , a r o m a t i c h y d r o g e n s ; a d o u b l e t 
c e n t e r e d a t 7-42
 T ( I . 5 6 H),' m e t h y l e n e g r o u p ; and a s i n g l e t on t o p o f a 
t r i p l e t a t 8 . 8 l T ( 1 . 4 5 H) , m e t h y l g roup] i n d i c a t e d t h a t i t c o n t a i n e d 7 7 • 7 
p e r c e n t o f p - b i p h e n y l y l e t h a n e - 2 , 2 - d 2 and 2 2 . 3 p e r c e n t of p - b i p h e n y l y l e t h a n e -
1 , 1 - d ^ . VPC of t h e a c i d i c m a t e r i a l ( a s m e t h y l e s t e r s ) showed t h a t i t c o n ­
t a i n e d s i x compounds i n an o v e r a l l y i e l d o f 0 . 0 1 5 3 g ( 6 - 3 3 X 10 B m o l e , 
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0 . 9 1 p e r c e n t y i e l d b a s e d on t h e h a l i d e u s e d ) . 
I n r u n k, a s o l u t i o n of 2 . 3 5 g ( 0 . 0 1 7 7 g atom) of ce s ium i n 250 ml 
of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was s t i r r e d a t 35° f o r one h o u r and 
t h e n t h e c h l o r i d e ( 1 . 2 9 g> O.OO589 mole) i n 25 ml of t e t r a h y d r o f u r a n was 
added d r o p w i s e o v e r a p e r i o d of 15 m i n u t e s a t 36 ± 2 ° . The f i r s t p o r t i o n 
of h a l i d e added c a u s e d t h e a p p e a r a n c e of a r e d c o l o r i n t h e s o l u t i o n and 
t h e c o l o r changed t h r o u g h b r o w n i s h i n t o b l a c k t h r o u g h o u t t h e a d d i t i o n . 
S t i r r i n g was c o n t i n u e d a t 38° f o r one m i n u t e b e f o r e c a r b o n a t i o n . A u s u a l 
work -up gave 0 . 3 7 6 g of a l i g h t b r o w n i s h s e m i - s o l i d n e u t r a l m a t e r i a l and 
1 .17 g of a l i g h t y e l l o w s e m i - s o l i d a c i d i c m a t e r i a l . VPC of t h e c r u d e 
n e u t r a l m a t e r i a l y i e l d e d 0 . 0 6 0 1 g ( 0 . 0 0 0 3 2 7 mo le , 5 .55 p e r c e n t y i e l d b a s e d 
on t h e h a l i d e u s e d ) of p - b i p h e n y l y l e t h a n e - d 2 and 0 .000728 g ( 3 - 3 2 X l O - 6 
m o l e , O.O56 p e r c e n t r e c o v e r y ) o f u n r e a c t e d h a l i d e . A 0 . 2 9 9 g sample of 
t h i s c r u d e n e u t r a l m a t e r i a l was s u b l i m e d a t 65° and 50 m i c r o n s p r e s s u r e t o 
g i v e O.O698 g of a m i x t u r e o f s o l i d and l i q u i d . The nmr s p e c t r u m of t h i s 
s u b l i m a t e showed t h a t i t was p r e d o m i n a n t l y some l u b r i c a n t c o n t a i n i n g a 
s m a l l amount of an unknown compound. VPC of t h e a c i d i c m a t e r i a l ( a s m e t h y l 
e s t e r s ) showed t h a t i t c o n t a i n e d 11 compounds i n an o v e r a l l y i e l d of 0.l6k 
g and c a . h a l f of which was a compound of r e l a t i v e r e t e n t i o n t i m e 2 . 6 2 
( b a s e d on m e t h y l p - b i p h e n y l y l p r o p a n o a t e - d 2 ) , and m e t h y l 3 - p _ - b i p h e n y l y l -
p r o p a n o a t e - d 2 was o b t a i n e d i n l e s s t h a n O.OO613 g y i e l d . 
I n r u n 5 , a s o l u t i o n of k.08 g ( 0 . 0 3 0 7 g atom) o f ces ium i n 250 ml 
o f f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was s t i r r e d a t r e f l u x f o r 30 m i n u t e s 
and t h e n a s o l u t i o n o f 2 . 8 9 g ( 0 . 0 1 3 2 mole) of t h e h a l i d e i n 25 ml of t e t r a ­
h y d r o f u r a n was added d r o p w i s e o v e r a p e r i o d o f 3 1 m i n u t e s . The f i r s t p o r ­
t i o n of h a l i d e added c a u s e d t h e a p p e a r a n c e of a r e d c o l o r i n t h e s o l u t i o n 
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and t h e f i n a l c o l o r was deep r e d . The r e s u l t i n g s o l u t i o n was s t i r r e d a t 
r e f l u x f o r f i v e m i n u t e s , c o o l e d a t room t e m p e r a t u r e f o r 10 m i n u t e s , and t h e n 
c a r b o n a t e d . The p r o d u c t was worked up i n t h e u s u a l manner t o g i v e l.k2 g 
( 0 . 0 0 7 7 2 mole) of a s e m i - s o l i d n e u t r a l m a t e r i a l and I . 6 5 g ( 0 . 0 0 7 2 4 mole) 
o f a l i g h t y e l l o w s e m i - s o l i d a c i d i c m a t e r i a l . VPC of t h e c r u d e n e u t r a l 
m a t e r i a l p r o d u c e d 0 . 4 7 0 g (O.OO256 m o l e , 19*4 p e r c e n t y i e l d b a s e d on t h e 
h a l i d e u s e d ) of p - b i p h e n y l y l e t h a n e - d ^ and 0 . 1 2 1 g ( 0 . 0 0 0 7 2 0 mo le , 5 . 5 p e r ­
c e n t y i e l d , on t h e same b a s i s ) of a compound i d e n t i f i e d by compar i son of 
VPC r e t e n t i o n t i m e a s p _ - b i p h e n y l y l m e t h a n e . A 1*35 g sample o f t h i s c r u d e 
n e u t r a l m a t e r i a l was s u b l i m e d t w i c e a t 70° a t 70 m i c r o n s p r e s s u r e t o g i v e 
0 . 4 8 8 g of p a l e y e l l o w s e m i - s o l i d , wh ich was r e c r y s t a l l i z e d from p e n t a n e 
t o y i e l d 0 . 2 1 0 g of w h i t e s o l i d , m . p . 29-31° ( p r e m e l t i n g ~ 2 5 ° ) . The nmr 
s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 7 4 T ( 9 - 0 0 R"), a r o m a t i c h y d r o g e n s ; a 
d o u b l e t c e n t e r e d a t 7*42 T ( 1 . 0 1 H, J = 7*5 H z ) , m e t h y l e n e g roup a d j a c e n t 
t o t h e a r o m a t i c r i n g ; and a s i n g l e t on t o p o f a t r i p l e t c e n t e r e d a t 8 . 8 l 
T ( 2 . 1 5 H) , m e t h y l g roup ] i n d i c a t e d t h a t i t was a m i x t u r e o f 47*9 p e r c e n t 
o f p - b i p h e n y l y l e t h a n e - 2 , 2 - d 2 and 5 2 . 1 p e r c e n t of p - b i p h e n y l y l e t h a n e - 1 , 1 - 6 . • 
VPC of t h e c r u d e a c i d i c m a t e r i a l ( a s m e t h y l e s t e r s ) showed t h a t i t c o n ­
t a i n e d 0 . 1 9 3 g ( 0 . 0 0 0 7 9 9 mole , 6 . 0 5 p e r c e n t b a s e d on t h e h a l i d e u s e d ) of 
an e s t e r o f r e l a t i v e r e t e n t i o n t i m e 0 . 7 5 t o g e t h e r w i t h 0 . 0 0 4 8 g ( I . 9 8 X 
10 5 mo le , 0 . 1 5 p e r c e n t y i e l d , on t h e same b a s i s ) o f a compound a t r e l a t i v e 
r e t e n t i o n c a . 0 . 6 6 . The above a c i d i c p r o d u c t was c o n v e r t e d i n t o m e t h y l 
e s t e r s and t h e n s u b l i m e d t h r e e t i m e s a t 80° a t 50 m i c r o n s p r e s s u r e t o g i v e 
0 . 1 5 1 g of a l i q u i d . The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 7 5 T 
(9*00 H) , a r o m a t i c h y d r o g e n s ; a s i n g l e t a t 6 . 4 l T (3*00 H) , m e t h o x y l g r o u p ; 
a d o u b l e t ( j = 7 Hz) c e n t e r e d a t 6 . 2 1 T (O.98 H ) ; a d o u b l e t ( j = 7 Hz) 
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c e n t e r e d a t 8 . 4 8 T ( 1 . 1 R") t o g e t h e r w i t h an a b s o r p t i o n a t 8 . 6 l T (O.63 H) 
a p p a r e n t l y from an i m p u r i t y ] i n d i c a t e d t h a t t h i s was p r e d o m i n a n t l y m e t h y l 
2 - p - b i p h e n y l y l p r o p a n o a t e - 3 , 3 - d - 2 c o n t a m i n a t e d by i m p u r i t i e s p o s s i b l y from 
l u b r i c a t i n g o i l . 
R e a c t i o n of l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e w i t h P o t a s s i u m 
I n t o t h e u s u a l a p p a r a t u s f o r a l k a l i - m e t a l r e a c t i o n s was p l a c e d 250 
ml o f f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n . To t h i s s o l v e n t u n d e r a n i t r o g e n 
a t m o s p h e r e was added 0 . 4 7 8 g ( 0 . 0 1 2 3 g atom) o f p o t a s s i u m . The s o l u t i o n 
was h e a t e d w i t h s t i r r i n g a t t h e b o i l i n g p o i n t f o r one h o u r . A s o l u t i o n of 
1 .20 g ( 0 . 0 0 5 5 3 mole) of l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e i n 25 ml o f d r y 
THF was added d r o p w i s e a t t h e b o i l i n g p o i n t of t h e s o l v e n t o v e r a p e r i o d 
o f e i g h t m i n u t e s and s t i r r i n g and h e a t i n g were m a i n t a i n e d f o r a n o t h e r f i v e 
m i n u t e s . The f i r s t p o r t i o n o f t h e h a l i d e added c a u s e d a r e d c o l o r t o a p ­
p e a r i n t h e s o l u t i o n and t h e f i n a l c o l o r was d a r k r e d d i s h brown. A f t e r 
c o o l i n g a t room t e m p e r a t u r e f o r 10 m i n u t e s , t h e c o n t e n t s of t h e f l a s k were 
f o r c e d o n t o a l a r g e e x c e s s of c r u s h e d s o l i d c a r b o n d i o x i d e . E t h e r e x t r a c ­
t i o n y i e l d e d 1.22 g o f a s e m i - s o l i d m a t e r i a l . A c i d i f i c a t i o n and e x t r a c t i o n 
w i t h e t h e r gave 0.39*+ g of a s e m i - s o l i d a c i d i c p r o d u c t . A 1 .19 g sample 
of t h e c rude n e u t r a l m a t e r i a l was s u b l i m e d a t 100 m i c r o n s p r e s s u r e and a 
b a t h t e m p e r a t u r e o f 60° t o g i v e 0 . 5 4 4 g of l i g h t y e l l o w i s h o i l y s u b l i m a t e . 
VPC o f t h i s s u b l i m a t e showed o n l y a s i n g l e peak i d e n t i f i e d by compar i son 
of r e t e n t i o n t i m e a s p - b i p h e n y l y l e t h a n e . A O.387 g of t h i s sample was 
s u b l i m e d t h e s e c o n d t i m e a t 60° and 100 m i c r o n s p r e s s u r e t o g i v e 0 . 1 5 3 g 
o f s u b l i m a t e . The nmr of t h i s s u b l i m a t e [ a m u l t i p l e t c e n t e r e d a t 2 . 8 7 T 
( 9 . 0 0 H) , a r o m a t i c h y d r o g e n s ; a q u a r t e t c e n t e r e d a t 7 . 5 8 T ( I . 9 8 H, J = 7»5 
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H z ) , m e t h y l e n e g roup a d j a c e n t t o t h e a r o m a t i c r i n g ; and a c o m p l i c a t e d 
a b s o r p t i o n a t 8 . 8 t o 9*2 T w i t h a t o t a l of 1 2 . 8 H which c o v e r s a t r i p l e t 
c e n t e r e d a t 9 - 0 T ( j = 7»5 Hz) a s s i g n e d t o t h e m e t h y l g roup ] i n d i c a t e d 
t h a t t h i s sample was p - b i p h e n y l y l e t h a n e c o n t a m i n a t e d by s o m e t h i n g r e s e m b ­
l i n g l u b r i c a t i n g o i l . ( P o s s i b l y t h e o i l o r i g i n a t e d from t h e b a l l b e a r i n g 
u s e d o r from t h e N u j o l i n which t h e p o t a s s i u m was s t o r e d . ) 
The above 0.39*+ g of s e m i - s o l i d c r u d e a c i d i c p r o d u c t was r e a c t e d 
w i t h d i a z o m e t h a n e t o g i v e 0 . 3 9 2 g of c r u d e e s t e r s , VPC of which showed 
t h a t i t c o n t a i n e d 0 .0646 g ( 0 . 0 0 0 2 6 9 m o l e , 4 . 8 6 p e r c e n t y i e l d b a s e d on 
t h e h a l i d e u s e d ) o f an e s t e r w i t h a r e l a t i v e r e t e n t i o n t i m e of 0 . 7 5 ( b a s e d 
on m e t h y l 3 - p - b i p h e n y l p r o p a n o a t e ) and 0 . 0 0 2 3 9 g o f a n o t h e r e s t e r h a v i n g a 
r e l a t i v e r e t e n t i o n t i m e o f 0 . 6 6 . A 0 . 3 2 0 g o f t h i s c r u d e e s t e r p r o d u c t 
was s u b l i m e d a t 85° and 200 m i c r o n s p r e s s u r e t o g i v e O.0656 g of s u b l i m a t e . 
The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 7 5 T ( 9 - 0 0 H) , a r o m a t i c h y d r o ­
g e n s ; a q u a r t e t c e n t e r e d a t 6 . 4 7 T ( l . l H) , m e t h y l e n e g r o u p a d j a c e n t t o 
t h e a r o m a t i c r i n g ; a s i n g l e t a t 6 . 5 3 T (3»0 H) , m e t h o x y l g r o u p ; a d o u b l e t 
c e n t e r e d a t 8 . 6 4 T ( c a . 3*5 H) , m e t h y l g r o u p wh ich was c o n t a m i n a t e d by 
i m p u r i t i e s p o s s i b l y from t h e l u b r i c a n t of t h e b e a r i n g o r N u j o l u s e d t o 
s t o r e t h e p o t a s s i u m ] i n d i c a t e d t h a t t h i s e s t e r was p r e d o m i n a n t l y m e t h y l 2 -
p - b i p h e n y l y l p r o p a n o a t e . 
I n t h e s econd r u n , p o t a s s i u m ( 0 . 4 5 5 g> 0 . 0 1 1 6 g atom) was p l a c e d 
i n 250 ml o f f r e s h l y d i s t i l l e d THF and t h i s m i x t u r e was s t i r r e d a t t h e 
b o i l i n g p o i n t of THF f o r one h o u r . Then t o t h i s l i g h t o r a n g e s o l u t i o n a t 
r e f l u x was added d r o p w i s e a m i x t u r e o f 0 . 8 4 7 g ( 0 . 0 0 3 9 1 mole) o f 1 - c h l o r o -
2 - p - b i p h e n y l y l e t h a n e and O.945 g ( 0 . 0 1 2 7 mole) o f f r e s h l y d i s t i l l e d t-BuOH 
o v e r a p e r i o d o f f i v e m i n u t e s . The re was no a p p r e c i a b l e c o l o r c h a n g e . 
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The s o l u t i o n was s t i r r e d a t r e f l u x f o r an a d d i t i o n a l f i v e m i n u t e s and 
t h e n c o o l e d a t room t e m p e r a t u r e f o r 10 m i n u t e s b e f o r e c a r b o n a t i o n . A 
u s u a l work -up y i e l d e d l.lh g of w e t , s o l i d n e u t r a l m a t e r i a l and 0.1*+3 g 
o f a p a l e y e l l o w o i l y a c i d i c p r o d u c t . A 1 .08 g sample of t h e n e u t r a l 
m a t e r i a l was s u b l i m e d t h r e e t i m e s a t 65° and 100 m i c r o n s p r e s s u r e t o g i v e 
0 . 5 5 0 g o f s o l i d m a t e r i a l , m . p . 59~77° ( w i t h p r e m e l t i n g and r e s i d u e ) . 
VPC showed t h a t t h i s s u b l i m a t e c o n t a i n e d 35«0 p e r c e n t o f p - b i p h e n y l y l -
e t h a n e , 6 2 . 3 p e r c e n t p - b i p h e n y l y l e t h e n e , and some 2*7 p e r c e n t of a compound 
which had s h o r t e r r e t e n t i o n t i m e ( r e l a t i v e r e t e n t i o n t i m e : O.76 b a s e d on 
p - b i p h e n y l y l e t h a n e a s s t a n d a r d ) . A O.373 g sample o f t h i s s u b l i m a t e was 
r e c r y s t a l l i z e d from e t h a n o l t o g i v e 0 . 1 0 0 g, m . p . 1 0 3 - 1 1 2 ° . The nmr of 
t h i s s o l i d showed t h a t i t c o n t a i n e d v i n y l b i p h e n y l a s ma jo r component c o n ­
t a m i n a t e d by 15 p e r c e n t of p - b i p h e n y l y l e t h a n e . No e f f o r t was made t o 
i d e n t i f y t h e a c i d i c m a t e r i a l . 
R e a c t i o n o f l - C h l o r o - 2 - p _ - b i p h e n y l y l e t h a n e - l , 1-d 
w i t h P o t a s s i u m 
To 250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was added 0 . 4 4 9 g 
( 0 . 0 1 1 5 g a tom) of p o t a s s i u m . The s o l u t i o n was s t i r r e d w i t h r e f l u x i n g 
f o r 90 m i n u t e s and t h e n a s o l u t i o n of l . l 4 g ( 0 . 0 0 5 2 0 mole) of 1 - c h l o r o -
2 - £ - b i p h e n y l y l e t h a n e - l , l - d ^ i n 25 ml of t e t r a h y d r o f u r a n was added d r o p w i s e 
a t t h e b o i l i n g p o i n t o f t h e s o l v e n t o v e r a p e r i o d of f i v e m i n u t e s . The 
f i r s t p o r t i o n o f h a l i d e added c a u s e d t h e a p p e a r a n c e of a r e d d i s h brown 
c o l o r i n t h e s o l u t i o n and t h e c o l o r a f t e r t h e c o m p l e t i o n of t h e a d d i t i o n 
was b rown. S t i r r i n g was c o n t i n u e d a t r e f l u x f o r an a d d i t i o n a l f i v e m i n u t e s 
and t h e n t h e s o l u t i o n was c o o l e d a t room t e m p e r a t u r e f o r 10 m i n u t e s b e f o r e 
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c a r b o n a t i o n . The p r o d u c t was worked up i n t h e same manner a s i n t h e p r e ­
v i o u s e x p e r i m e n t y i e l d i n g 0 . 3 4 0 g o f a t a r r y a c i d i c m a t e r i a l and 1.16 g 
of s e m i - s o l i d n e u t r a l m a t e r i a l . A 1.10 g sample of t h i s n e u t r a l m a t e r i a l 
was s u b l i m e d a t 90° and 150 m i c r o n s p r e s s u r e t o g i v e 0 . 5 6 4 g ( 6 l . 2 p e r c e n t 
b a s e d on t h e c h l o r i d e u s e d ) of a s e m i - s o l i d s u b l i m a t e . A 0 . 4 1 0 g sample 
of t h i s s u b l i m a t e was f u r t h e r s u b l i m e d t w i c e a t 70° and 100 m i c r o n s t o 
g i v e O.256 g of a l i g h t y e l l o w s e m i - s o l i d . One r e c r y s t a l l i z a t i o n of t h i s 
m a t e r i a l from p e n t a n e gave 0 . 0 4 1 0 g of a s o l i d p r o d u c t , m . p . 3 1 * 5 - 3 2 . 5 ° • 
The nmr s p e c t r u m [ a m u l t i p l e t c e n t e r e d a t 2 . 8 7 T ( 9 . 0 0 H) , a r o m a t i c h y d r o ­
g e n s ; a d o u b l e t c e n t e r e d a t 7*52 T ( 0 . 9 3 H) , m e t h y l e n e g r o u p a d j a c e n t t o 
t h e a r o m a t i c r i n g ; and a s i n g l e t on t o p of a t r i p l e t a t 8 . 9 4 T ( 2 . 0 3 R"), 
m e t h y l g r o u p ] * i n d i c a t e d t h a t t h i s n e u t r a l p r o d u c t c o n t a i n e d 47*1 p e r c e n t 
o f p _ - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ and 5 2 . 9 p e r c e n t o f p - b i p h e n y l y l e t h a n e - 1 , 1 - d ^ . 
A b l a n k t e s t , t o d e m o n s t r a t e t h e t h e r m a l s t a b i l i t y o f l - c h l o r o - 2 - p -
b i p h e n y l y l e t h a n e - 1 , l - d ^ u n d e r t h e g e n e r a l r e a c t i o n c o n d i t i o n s , was c o n d u c t e d 
by a d d i n g d r o p w i s e o v e r a p e r i o d o f 1 1 m i n u t e s a s o l u t i o n of 0 . 3 0 1 g o f t h e 
c h l o r i d e i n 25 ml o f t e t r a h y d r o f u r a n t o 250 ml of r e f l u x i n g t e t r a h y d r o f u r a n 
i n t h e r e g u l a r a p p a r a t u s f o r a l k a l i m e t a l r e a c t i o n s . The r e s u l t i n g s o l u ­
t i o n was s t i r r e d a t r e f l u x f o r f i v e m i n u t e s and t h e n a l l o w e d t o s t a n d a t 
room t e m p e r a t u r e w i t h o u t s t i r r i n g f o r two h o u r s . A f t e r r emoving THF u n d e r 
p a r t i a l vacuum, t h e r e s i d u e was s u b l i m e d t w i c e a t 50° a t 50 m i c r o n s p r e s ­
s u r e t o g i v e 100 p e r c e n t r e c o v e r y o f t h e c h l o r i d e . The nmr o f t h i s sample 
showed no r e a r r a n g e m e n t w i t h i n e x p e r i m e n t a l e r r o r . 
The a c i d i c p r o d u c t was c o n v e r t e d t o t h e m e t h y l e s t e r s by r e a c t i n g 
An e x t e r n a l TMS s t a n d a r d was u s e d . 
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w i t h d i a z o m e t h a n e . VPC showed t h a t two e s t e r s of s h o r t e r r e t e n t i o n t i m e s 
t h a n t h a t of m e t h y l 3 - p - h i p h e n y l y l p r o p a n o a t e were o b t a i n e d i n y i e l d s of 
0 . 0 0 7 1 0 g ( r e l a t i v e r e t e n t i o n t i m e : 0 . 7 5 b a s e d on m e t h y l 3 - p - b i p h e n y l y l -
p r o p a n o a t e ) and O.OOO963 g ( r e l a t i v e r e t e n t i o n t i m e 0 . 6 6 ) . A 0 . 3 1 4 g 
sample o f t h i s c r u d e e s t e r was s u b l i m e d a t 90° a t 150 m i c r o n s p r e s s u r e t o 
g i v e 0 . 0 6 3 7 g o f o i l y s u b l i m a t e which a p p a r e n t l y , due t o t h e p r e s e n c e o f 
i m p u r i t i e s , d i d n o t g i v e a s i m p l e enough nmr s p e c t r u m f o r t h e i d e n t i f i c a ­
t i o n of any s i n g l e compound. 
I n r u n 2 , a s o l u t i o n of 0.4-11 g ( 0 . 0 1 0 5 g atom) o f p o t a s s i u m i n 
250 ml o f f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was s t i r r e d a t r e f l u x f o r one 
h o u r . S t i r r i n g and h e a t i n g were i n t e r r u p t e d and t h e m i x t u r e was a l l o w e d 
t o s t a n d f o r 45 m i n u t e s u n t i l most o f t h e m e t a l f l o a t e d on t h e s u r f a c e 
o f t h e s o l u t i o n . Then a s o l u t i o n of O.616 g ( 0 . 0 0 2 8 1 mole) of 1 - c h l o r o -
2 - p - b i p h e n y l y l e t h a n e - 1 , 1 - d and 1 .59 g ( 0 . 0 2 1 2 mole) o f t-BuOD i n 10 ml 
of t e t r a h y d r o f u r a n was added i m m e d i a t e l y . The re was no e v i d e n c e o f v i g o r o u s 
r e a c t i o n . S t i r r i n g and h e a t i n g were resumed and t h e s o l u t i o n was s t i r r e d 
a t r e f l u x f o r f i v e m i n u t e s b e f o r e c a r b o n a t i o n . A u s u a l work -up y i e l d e d 
0 . 8 6 0 g o f n e u t r a l m a t e r i a l . VPC a n a l y s i s o f t h i s n e u t r a l p r o d u c t i s 
g i v e n i n T a b l e 1 1 . A O.789 g sample was s u b l i m e d t w i c e a t 75° and 50 m i ­
c r o n s p r e s s u r e t o g i v e 0 . 2 7 7 g of c r y s t a l s , m . p . 1 0 0 - 1 1 1 ° , which was r e ­
c r y s t a l l i z e d from e t h a n o l t o g i v e 0 . 1 1 5 g of w h i t e c r y s t a l s , m . p . H 6 . 5 -
1 1 8 ° . The nmr [ a s i n g l e t on t o p of a m u l t i p l e t a t 2 . 6 9 T ( 9 . 0 ± 0 . 3 H) , 
a r o m a t i c h y d r o g e n s ; a b r o a d s i n g l e t a t 3 ' 4 2 T ( 1 . 0 H) , v i n y l hyd rogen a d ­
j a c e n t t o t h e a r o m a t i c r i n g ] showed t h a t i t was p u r e p-PhC-Hi CH=CD0. 
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Tab l e 1 1 . Vapor -Phase C h r o m a t o g r a p h i c A n a l y s i s of t h e N e u t r a l 
M a t e r i a l i n Run 2 
R e l a t i v e 
R e t e n t i o n Time 
Peak Area 
( » 
I d e n t i f i c a t i o n 
0 . 4 2 0 . 7 7 Unknown 
0 . 6 2 0 . 7 7 p - B i p h e n y l y l m e t h a n e 
0 . 7 2 1 1 . 9 2 Unknown 
0 . 8 0 1.15 Unknown 
1.00 6 . 1 5 p - B i p h e n y l y l e t h a n e - d ^ 
1.12 7 9 . 2 3 p-Ph-C 6 H i + CH=CD 2 
VPC c o n d i t i o n s : column, 6 ' -§" , 5$> SE 3 0 ; column t e m p e r a t u r e 1 5 3 ° ; f low 
r a t e , 26 mm; p r e s s u r e , 60 p s i g . 
I n run 3 , a s o l u t i o n of 0 . 7 5 0 g ( 0 . 0 1 9 2 g atom) of p o t a s s i u m i n 
250 ml of f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n was s t i r r e d a t r e f l u x f o r one 
h o u r . To t h i s s o l u t i o n a t r e f l u x was added d r o p w i s e a s o l u t i o n of 1 .51 g 
(O.OO689 mole) o f t h e h a l i d e and 1 .60 g ( 0 . 0 2 1 3 mole) of t-BuOD i n 25 ml 
o f t e t r a h y d r o f u r a n o v e r a p e r i o d o f 15 m i n u t e s . The r e s u l t i n g l i g h t y e l ­
low s o l u t i o n was s t i r r e d a t r e f l u x f o r an a d d i t i o n a l f i v e m i n u t e s , a l l o w e d 
t o s t a n d a t room t e m p e r a t u r e f o r f i v e m i n u t e s , and t h e n c a r b o n a t e d . E t h e r 
e x t r a c t i o n gave 1.1+0 g of a l i g h t y e l l o w s e m i - s o l i d n e u t r a l m a t e r i a l and 
t h e a l k a l i n e r e s i d u e y i e l d e d O.OI+83 g o f an o i l y a c i d i c m a t e r i a l . VPC of 
t h e n e u t r a l p r o d u c t gave p_-b i p h e n y l y l e t h a n e (A) , p _ - b i p h e n y l y l e t h e n e ( B ) , 
and a compound (C) w i t h a r e l a t i v e r e t e n t i o n t i m e of 0.7*+ ( b a s e d on p -
b i p h e n y l y l e t h a n e a s s t a n d a r d ) i n r e l a t i v e y i e l d s of 39*1 p e r c e n t , 5 2 . 9 
p e r c e n t , and 9 . 0 p e r c e n t , r e s p e c t i v e l y . A 1 .39 g sample of t h i s c rude 
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p r o d u c t was s u b l i m e d a t 53° a t 10 m i c r o n s p r e s s u r e t o g i v e t h r e e f r a c ­
t i o n s : (1 ) 0 . 3 4 3 g, m . p . 2 9 - 7 3 ° , VPC showed a r a t i o o f c a . 1 .0 : 0 - 9 : 
0 . 3 of A : B : C; (2 ) 0 . 2 5 7 g i n 1 .0 : 2 . 2 r a t i o o f A : B (no C ) ; (3 ) 
0 . 2 4 7 g i n 1 .0 : 2 . 8 : 0 . 2 r a t i o o f A : B : C A 0 - 3 2 1 g sample o f ( l ) 
above was r e c r y s t a l l i z e d from p e n t a n e t o g i v e ( l a ) 0 . 0 5 2 0 g, m . p . 9 4 - 1 0 6 ° , 
VPC (mole p e r c e n t ) showed 2 6 - 5 p e r c e n t A and 7 3 ' 5 p e r c e n t B; ( l b ) 0 . 0 5 2 2 
g , m . p . 9 1 - 1 0 4 ° , 35 -5 p e r c e n t A and 6 4 . 5 p e r c e n t B; ( l c ) 0 . 0 3 7 6 g , m . p . 
6 5 - 9 2 ° , 5 1 . 6 p e r c e n t A and 4 8 . 4 p e r c e n t B. T h i s l a s t sample ( l c ) was 
a n a l y z e d by nmr and found t o c o n t a i n 9*00 H c e n t e r e d a t 2 . 8 6 T (m, a r o ­
m a t i c h y d r o g e n s ) , 0 . 4 9 H a t 3*45 T ( S , o l e f i n i c h y d r o g e n s a l p h a t o t h e 
a r o m a t i c r i n g ) , 0 . 7 1 H c e n t e r e d a t 7«52 T ( S on t o p o f a t , m e t h y l e n e 
g roup a l p h a t o t h e a r o m a t i c r i n g ) , 0 . l 4 H c e n t e r e d a t 8 . 9 T ( t , J = 7 Hz, 
m e t h y l g r o u p ) ; t h i s s p e c t r u m c o r r e s p o n d s t o a m i x t u r e o f 49 p e r c e n t p -
b i p h e n y l y l e t h e n e - 2 , 2 - d 2 ( w i t h p _ - b i p h e n y l y l e t h e n e - l - d ^ c o n s t i t u t i n g none 
o r l e s s t h a n 10 p e r c e n t o f t h e o l e f i n i c p o r t i o n ) , 51 p e r c e n t p - b i p h e n y l y l ­
e t h a n e c o n t a i n i n g 1 .4 ± 0 . 1 a l p h a and 0 . 2 8 ± 0 . 0 2 b e t a h y d r o g e n s . The 
same sample was a l s o a n a l y z e d by mass s p e c t r o m e t e r and found t o h a v e , f o r 
B, m a i n l y d^ c o n t a m i n a t e d by l e s s t h a n 3*2 p e r c e n t d^ compound; f o r A, 
1 5 . 9 p e r c e n t d 2 , 4 9 . 8 p e r c e n t d^, 2 9 . 1 p e r c e n t d^, 4 . 2 p e r c e n t d,_, and 
1 .0 p e r c e n t dg compounds. F u r t h e r d i s c u s s i o n o f t h e s e p r o d u c t s i s p r e ­
s e n t e d i n t h e n e x t c h a p t e r . 
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CHAPTER V 
DISCUSSION 
S y n t h e s e s 
l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
T h i s c h l o r i d e was p r e p a r e d i n an o v e r a l l y i e l d o f a b o u t 30 p e r c e n t 
from 4 - a c e t y l b i p h e n y l a c c o r d i n g t o t h e s y n t h e t i c r o u t e shown i n F i g u r e 1 . 
The i n t e r m e d i a t e p - b i p h e n y l y l a c e t i c a c i d was p r e p a r e d i n 63 p e r c e n t y i e l d 
from t h e s t a r t i n g m a t e r i a l , 4 - a c e t y l b i p h e n y l . The s o l v e n t most commonly 
u s e d f o r t h e r e d u c t i o n of o r g a n i c a c i d s w i t h l i t h i u m aluminum h y d r i d e i s 
d i e t h y l e t h e r . Because of t h e low s o l u b i l i t y of p-PhCgH^CR^CO^H i n t h i s 
s o l v e n t , t e t r a h y d r o f u r a n was u s e d i n s t e a d . When a l i m i t e d q u a n t i t y ( c a . 
1 :1 r a t i o ) of t h e r e d u c i n g a g e n t was u s e d , a poo r y i e l d of t h e d e s i r e d 
c a r b i n o l , 2 - p - b i p h e n y l y l e t h a n o l , was o b t a i n e d , and good y i e l d s of some 
h i g h e r m e l t i n g compound, a p p a r e n t l y a p r o d u c t o f an i n t e r m e d i a t e r e d u c t i o n 
s t a g e t o g e t h e r w i t h t h e s t a r t i n g a c i d were r e c o v e r e d . Only when a l a r g e 
e x c e s s o f t h e r e d u c i n g a g e n t ( 3 : 1 m o l a r r a t i o ) was u s e d was t h e r e o b t a i n e d 
an a l m o s t q u a n t i t a t i v e y i e l d o f t h e d e s i r e d c a r b i n o l . The n e c e s s i t y of 
u s i n g l a r g e e x c e s s r e d u c i n g a g e n t was c o n c e i v a b l y due t o t h e p o o r q u a l i t y 
of commerc ia l l i t h i u m aluminum h y d r i d e employed i n t h i s r e d u c t i o n . A t ­
t e m p t s t o c o n v e r t t h i s c a r b i n o l i n t o t h e c o r r e s p o n d i n g c h l o r i d e w i t h t h i o n y l 
c h l o r i d e i n b o t h t r i e t h y l a m i n e and t r i - n - b u t y l a m i n e r e s u l t e d i n t h e fo rma­
t i o n of 3 -10 p e r c e n t of s u l f i t e e s t e r and some 15 p e r c e n t of u n r e a c t e d c a r ­
b i n o l among o t h e r m a t e r i a l s . The d e s i r e d c h l o r i d e was s u c c e s s f u l l y p r e p a r e d 
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i n o v e r 60 p e r c e n t y i e l d by r e a c t i n g t h e c a r b i n o l w i t h t h i o n y l c h l o r i d e 
i n p y r i d i n e . 
6 3 * 
s o c i . 
P h - ( ( ) >-CH.CH.Cl <-^ .
 p y r - ^ - P h - < 0 ) - C H 2 C H 2 O H 
60$ 
LiAlH^, THF 
F i g u r e 1 . S y n t h e t i c Route t o l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
l - C h l o r o - 2 - ] D - b i p h e n y l y l e t h a n e - l , l - d 2 
I n v iew of t h e d i f f i c u l t y e n c o u n t e r e d i n t h e r e d u c t i o n o f p - b i p h e n y l y l ­
a c e t i c a c i d w i t h l i t h i u m aluminum h y d r i d e , t h e s y n t h e t i c p r o c e s s o f t h e t i t l e 
compound was s l i g h t l y m o d i f i e d t o f o l l o w t h e s y n t h e t i c r o u t e shown i n F i g u r e 
2 . 2 ~ B i p h e n y l y l a c e t i c a c i d was f i r s t c o n v e r t e d i n good y i e l d (> 90 p e r c e n t ) 
i n t o t h e m e t h y l e s t e r by a s t a n d a r d me thod . The r e d u c t i o n of m e t h y l p - b i -
p h e n y l y l a c e t a t e w i t h a good g r a d e o f l i t h i u m aluminum d e u t e r i d e ( c a , 1 . 2 : 1 
r a t i o o f r e d u c i n g a g e n t t o e s t e r ) i n t e t r a h y d r o f u r a n gave o v e r 90 p e r c e n t 
y i e l d o f t h e d e s i r e d c a r b i n o l . The c o n v e r s i o n o f t h i s c a r b i n o l , 2 - ( p - b i -
p h e n y l y l ) e t h a n o l - l , l - d 2 , i n t o t h e d e s i r e d c h l o r i d e was c a r r i e d o u t a c c o r d - ] 
i n g t o t h e method u s e d f o r t h e p r o t i u m compound. The o v e r a l l y i e l d from 
p - b i p h e n y l y l a c e t i c a c i d was 62 p e r c e n t . 
i 
I 
9b 
MeOH, H o S0 2 ' 
Wo 
•> Pir 
THF 
Ph-< CD^Cl <• P y r . 
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F i g u r e 2 . S y n t h e t i c Route t o 1 - C h l o r o - 2 - p _ - b i p h e n y l y l e t h a n e - 1 , 1 - d 
S y n t h e s e s o f Simple P r i m a r y C a r b a n i o n s 
The s y n t h e s i s of b u t y l a n i o n (summar ized i n T a b l e 3) from t h e r e a c ­
t i o n o f 1 - c h l o r o b u t a n e w i t h Cs-K a l l o y a t -b0° and w i t h Cs-K-Na a l l o y a t 
-70° i n t e t r a h y d r o f u r a n g a v e , a f t e r c a r b o n a t i o n , v a l e r i c a c i d i n y i e l d s 
r a n g i n g from 0.4-3 t o 5-b p e r c e n t a f t e r t i m e s o f two t o s i x m i n u t e s . The 
same s y n t h e s i s i n d i e t h y l e t h e r y i e l d e d t h e d e s i r e d c a r b a n i o n i n c a . 5 p e r ­
c e n t a t -36° w i t h t h e b i n a r y a l l o y and a t -95° w i t h t h e t e r n a r y a l l o y ; 
however , t h e r e a c t i o n o f t h i s t e r n a r y a l l o y a t -70° gave 19 p e r c e n t b u t y l 
a n i o n i n d i e t h y l e t h e r a f t e r 20 m i n u t e s . P r i m a r y a l k y l p o t a s s i u m compounds 
a r e known t o a b s t r a c t p r o t o n s even from a h y d r o c a r b o n s o l v e n t . ^ Szwarc 
37 
and c o - w o r k e r s have shown t h a t d i p h e n y l a c e t y l e n e d i a n i o n c l e a v e s t e t r a ­
h y d r o f u r a n 20 p e r c e n t by p a t h 1 and 80 p e r c e n t by p a t h 2 . 
(37) G. L e v i n , J . J a g u r - G r o d z i n s k i , and M. Szwarc , J . Am. Chem. 
S o c , 9 2 , 2268 ( 1 9 7 0 ) . 
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H
 T CH - CH0 
P a t h 1 CH 2=CH-CH 2CH 20 
C H p - CHp 
f*\ ^ ^ 1 ^ P a t h 2 
B ; V ^ - C ^ 0 X G H 2 8 0 * CH 2=CH-0+CH 2=CH 2 
D i e t h y l e t h e r can unde rgo a s i m i l a r c l e a v a g e by a c a r b a n i o n a s shown i n 
p a t h 1 a b o v e , w h i l e d i m e t h y l e t h e r can l i k e l y u n d e r g o t h e f o l l o w i n g 
c l e a v a g e : 
B:~ H — CH0 CH0 > >:0H o fcRL T T . . — > CH o=0 +~:CH 0 
2 ^ / 3 ( 2 . y 3 W i t t i g 2 3 
0 ^ ^ 0 R e a r r . | 
CRo + -CH0= > "0-CH o CH o 
• | | ^ 3 2 3 
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D i e t h y l e t h e r c o u l d p r o b a b l y be c l e a v e d by a c a r b a n i o n i n a s i m i l a r f a s h i o n . 
I n t h e p r e s e n t work, t h e r e a c t i o n of 1 - c h l o r o b u t a n e w i t h t h e same t e r n a r y 
a l l o y i n d i m e t h y l e t h e r a t t e m p e r a t u r e s r a n g i n g from -60 t o -107° gave from 
0 . 2 t o 1 3 ' 3 p e r c e n t y i e l d s of b u t y l a n i o n . The e x t r e m e l y low t e m p e r a t u r e 
( - 1 0 7 ° ) d i d n o t seem t o f a v o r t h e y i e l d of t h e d e s i r e d c a r b a n i o n b u t b u t y l 
a n i o n seemed t o be f a i r l y s t a b l e a t t h i s t e m p e r a t u r e . D ime thy l e t h e r d i d 
n o t p r o v e t o be b e t t e r t h a n d i e t h y l e t h e r as a medium f o r t h e s y n t h e s i s of 
p r i m a r y a l k y l c a r b a n i o n s . Cesium a l l o y s gave a b l u i s h c o l o r i n t e t r a h y d r o ­
f u r a n and i n d i m e t h y l e t h e r b u t n o t i n d i e t h y l e t h e r . The l o w e r y i e l d s of 
b u t y l a n i o n i n t e t r a h y d r o f u r a n t h a n i n d i e t h y l e t h e r may p o s s i b l e be due 
t o t h e g r e a t e r s o l u b i l i t y hence g r e a t e r r e a c t i v i t y of t h i s c a r b a n i o n i n 
t e t r a h y d r o f u r a n . 
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S i n c e a c a r b a n i o n can a l s o c o u p l e w i t h t h e u n r e a c t e d h a l i d e t o 
y i e l d a Wurtz d imer o r s e r v e a s a b a s e t o d e h y d r o h a l o g e n a t e t h e h a l i d e , 
an a l t e r n a t i v e s y n t h e s i s which can c u t down t h e s e u n d e s i r e d s i d e r e a c t i o n s 
s h o u l d p r o v e t o be p r e f e r a b l e . Hence , d i - n - b u t y l m e r c u r y was chosen t o r e ­
a c t w i t h t h e same t e r n a r y a l k a l i m e t a l a l l o y . 5 > 3 8 , 3 9 
The c l e a v a g e o f d i - n - b u t y l m e r c u r y w i t h Cs-K-Na a l l o y i n t e t r a h y d r o ­
f u r a n a t -70° f o r a t o t a l o f Ik m i n u t e s gave b u t y l a n i o n i n 3 ^ p e r c e n t 
y i e l d . A p r o l o n g e d r e a c t i o n t o 7k m i n u t e s r e s u l t e d i n a t r emendous d e ­
c r e a s e i n y i e l d of t h e d e s i r e d c a r b a n i o n t o o n l y 0 . 5 p e r c e n t . The same 
c l e a v a g e r e a c t i o n i n d i e t h y l e t h e r a t -70° f o r 15 m i n u t e s p r o d u c e d 37 p e r ­
c e n t of t h e d e s i r e d c a r b a n i o n t o g e t h e r w i t h kk p e r c e n t o f u n r e a c t e d d i - n -
b u t y M e r c u r y . When t h e r e a c t i o n was r u n f o r 30 m i n u t e s l o n g e r , t h e y i e l d 
o f b u t y l a n i o n d e c r e a s e d t o 1 1 p e r c e n t w i t h a l m o s t c o m p l e t e r e a c t i o n o f d i -
n - b u t y l m e r c u r y ( o n l y 2 . 2 p e r c e n t u n r e a c t e d ) . An a t t e m p t t o r u n an nmr 
s p e c t r u m of t h e c a r b a n i o n p r e p a r e d from t h e c l e a v a g e o f d i - n - b u t y l m e r c u r y 
i n d i e t h y l e t h e r was u n s u c c e s s f u l , a p p a r e n t l y b e c a u s e e i t h e r t h e h a l f l i f e 
( c a . e i g h t m i n u t e s i n d i e t h y l e t h e r ) o f b u t y l a n i o n i s t o o s h o r t o r t h i s 
c a r b a n i o n i s n o t s u f f i c i e n t l y s o l u b l e i n d i e t h y l e t h e r o r b o t h . The same 
r e a c t i o n i n d i m e t h y l e t h e r a t -70° f o r 15 and k5 m i n u t e s gave o n l y 0 . 2 p e r -
RM + RX •> R — R + MX 
(38) R. A. F i n n e g a n , T e t r a h e d r o n L e t t e r s , 851 ( 1 9 6 3 ) . 
(39 ) R- A. F i n n e g a n , T r a n s . N.Y- Acad. S c i . , 2 7 , 730 ( 1 9 6 5 ) . 
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c e n t y i e l d of b u t y l a n i o n . Thus t h e c l e a v a g e o f d i a l k y l m e r c u r y i s s u p e r i o r 
t o t h a t of a l k y l h a l i d e s f o r t h e s y n t h e s e s of p r i m a r y a l k y l a n i o n s , and 
b u t y l a n i o n i s s h o r t - l i v e d and p r o b a b l y n o t v e r y s o l u b l e i n t h e e t h e r e a l 
s o l v e n t s u s e d . 
Because of t h e d i f f i c u l t y i n t h e a n a l y s i s o f n e u t r a l p r o d u c t s from 
t h e c l e a v a g e o f b o t h 1 - c h l o r o b u t a n e and d i - n - b u t y l m e r c u r y , a h i g h e r b o i l i n g 
h a l i d e l i k e l y t o g i v e n e u t r a l p r o d u c t s s u i t a b l e f o r a n a l y s e s was c h o s e n . 
The r e a c t i o n o f 1 - c h l o r o h e p t a n e w i t h t e r n a r y ces ium a l l o y i n t e t r a h y d r o ­
f u r a n a t -65° f o r 10 m i n u t e s gave a b s o l u t e y i e l d s of 1 .5 p e r c e n t h e p t y l 
a n i o n , 2k p e r c e n t h e p t a n e , Ik p e r c e n t 1 - h e p t e n e , 12 p e r c e n t t e t r a d e c a n e , 
and 29 p e r c e n t u n r e a c t e d c h l o r i d e . A p r o l o n g e d r e a c t i o n t i m e o f 26 m i n u t e s 
r e s u l t e d i n a d e c r e a s e i n y i e l d o f t h e d e s i r e d c a r b a n i o n t o 0 . 9 p e r c e n t , a 
s l i g h t i n c r e a s e ( t o 26 p e r c e n t ) o f h e p t a n e , and unchanged y i e l d s o f t h e 
o t h e r two p r o d u c t s . 
I n o r d e r t o t e s t t h e s o l v e n t e f f e c t on t h e s t a b i l i t y o f a l k y l c a r ­
b a n i o n s , t r i m e t h y l a m i n e was c o n s i d e r e d a s an a l t e r n a t i v e t o e t h e r e a l s o l ­
v e n t s b e c a u s e t h e p r o t o n s o f t h i s amine a r e e x p e c t e d t o be l e s s a c i d i c t h a n 
t h o s e o f e t h e r e a l s o l v e n t s . The r e a c t i o n o f 1 - c h l o r o h e p t a n e w i t h t e r n a r y 
ce s ium a l l o y i n t r i m e t h y l amine a t -1+5° f o r ik m i n u t e s y i e l d e d 5 . 0 p e r c e n t 
of h e p t y l a n i o n , 9 ' 2 p e r c e n t of h e p t a n e , 2 . 5 p e r c e n t o f 1 - h e p t e n e , 6 . 1 
p e r c e n t of t e t r a d e c a n e , and l.k p e r c e n t of u n r e a c t e d c h l o r i d e . When t h e 
r e a c t i o n was r u n f o r a n o t h e r 20 m i n u t e s , t h e y i e l d of t h e d e s i r e d a n i o n 
i n c r e a s e d t o 7«5 p e r c e n t , and t h e y i e l d s of h e p t a n e , 1 - h e p t e n e , and t e t r a ­
decane d e c r e a s e d t o 1 .8 p e r c e n t , 0 . 5 p e r c e n t , and 5»0 p e r c e n t , r e s p e c t i v e l y . 
The d e c r e a s e s i n y i e l d s of h y d r o c a r b o n s c o u l d be a c c o u n t e d f o r by t h e f a c t 
t h a t t h e y m i g h t have b e e n f u r t h e r m e t a l a t e d e i t h e r by c a r b a n i o n s a l r e a d y 
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formed o r by t h e m e t a l s t h e m s e l v e s . S i n c e t h e m a t e r i a l b a l a n c e s were r a t h e r 
p o o r , a b e t t e r e x p l a n a t i o n seems n e e d e d . Because of t h e h i g h vapo r p r e s s u r e 
o f t r i m e t h y l a m i n e a t room t e m p e r a t u r e , t h e d e f i c i e n c y i n t h e n e u t r a l p r o d ­
u c t s c o u l d b e s t be e x p l a i n e d by t h e s o l v e n t d i s t i l l a t i o n of t h e s e compounds 
when t h e c a r b o n a t i o n p r o d u c t s were a l l o w e d t o s t a n d a t room t e m p e r a t u r e 
o v e r n i g h t . 
Rea r r angemen t Dur ing S y n t h e s i s of N e o p h y l l i t h i u m 
I t i s of i n t e r e s t t o know w h e t h e r n e o p h y l l i t h i u m ( i ) , PhCMe^CH^Li, 
u n d e r g o e s r e a r r a n g e m e n t t o g i v e 1 , l - d i m e t h y l - 2 - p h e n y l e t h y l l i t h i u m ( i i ) , 
PhCH^CMe^Li; t h e r e f o r e , t h e r e a c t i o n o f n e o p h y l c h l o r i d e w i t h l i t h i u m was 
s t u d i e d . I n t e t r a h y d r o f u r a n a t -60° f o r 35 m i n u t e s t h i s r e a c t i o n gave a 
b r i g h t y e l l o w s o l u t i o n o f l i t h i u m r e a g e n t . C a r b o n a t i o n p r o d u c e d 72 p e r c e n t 
y i e l d of c a r b o x y l i c a c i d s w h i c h , a c c o r d i n g t o VPC of t h e m e t h y l e s t e r s , 
c o n t a i n e d r e l a t i v e y i e l d s of 93«6 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d 
( i l l ) and 6 . 4 p e r c e n t 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d ( I V ) . A c i d ( i l l ) 
c o r r e s p o n d s t o n e o p h y l l i t h i u m and a c i d (IV) was t h e p r o d u c t due t o a p h e n y l 
g r o u p m i g r a t i o n . When t h e s o l u t i o n o f n e o p h y l l i t h i u m p r e p a r e d a t -60° was 
s t i r r e d a t -70° f o r f o u r h o u r s f o l l o w e d by c a r b o n a t i o n , t h e y i e l d s of t h e 
c a r b o x y l i c a c i d s changed o n l y s l i g h t l y ( t o 71 p e r c e n t ) and t h e p r o p o r t i o n 
of a c i d ( IV) d e c r e a s e d t o 5«5 p e r c e n t . A n o t h e r f o u r h o u r s of r e a c t i o n a t 
-70° l o w e r e d t h e p r o p o r t i o n of ( IV) t o 3*9 p e r c e n t . 
A n o t h e r r e a c t i o n r u n a t -65° f o r two h o u r s g a v e , upon c a r b o n a t i o n 
of a s m a l l p o r t i o n , 8 l p e r c e n t o f a c i d s which c o n s i s t e d of 9*+ p e r c e n t a c i d 
( i l l ) and 6 p e r c e n t a c i d ( I V ) . When t h e s o l u t i o n o f t h e n e o p h y l l i t h i u m 
was warmed up t o -50° and t h e n t o -40° f o r a t o t a l o f two and o n e - h a l f 
h o u r s , t h e y i e l d s of c a r b o x y l i c a c i d s d e c r e a s e d s l i g h t l y t o 75 p e r c e n t . 
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The p r o p o r t i o n of (IV) d e c r e a s e d from 6 . 0 p e r c e n t a t -65° t o 5*2 p e r c e n t a t 
-50° and t h e n t o 3 . 5 p e r c e n t a t -40° . 
N e o p h y l l i t h i u m has p r e v i o u s l y b e e n found t o u n d e r g o d e c o m p o s i t i o n 
20 
a t b o t h 0° and 3 0 ° . T h i s d e c o m p o s i t i o n was p r o p o s e d t o be due t o t h e 
p r o t o n a t i o n of t h e o r g a n o l i t h i u m compounds by t h e s o l v e n t . A s o l u t i o n of 
n e o p h y l l i t h i u m was p r e p a r e d a t -65° i n t h e u s u a l manner and a l l o w e d t o 
warm t o 4° and s t a n d a t t h a t t e m p e r a t u r e w i t h o u t s t i r r i n g f o r f o u r h o u r s 
b e f o r e c a r b o n a t i o n . The y i e l d of c a r b o x y l i c a c i d s i n t h i s r e a c t i o n d e ­
c r e a s e d from 75 p e r c e n t d u r i n g p r e p a r a t i o n a t -65° t o 7 . 8 p e r c e n t a t 4° 
f o r f o u r h o u r s . VPC of t h e a c i d i c p r o d u c t s ( a s m e t h y l e s t e r s ) formed a t 
-65° gave r e l a t i v e y i e l d s o f 9 2 . 5 p e r c e n t a c i d ( i l l ) and 5 . 6 p e r c e n t a c i d 
( I V ) , w h i l e t h e same a n a l y s i s of t h e a c i d s formed a t 4° u s i n g column V 
showed t h r e e p e a k s i n r e l a t i v e y i e l d s ( r e l a t i v e r e t e n t i o n t i m e ) o f 3 0 . 0 
p e r c e n t ( O . 8 5 ) , 3 8 . 3 p e r c e n t ( 1 . 0 0 ) , and 2 9 - 9 p e r c e n t ( 1 . 2 5 ) , and b o t h 
m e t h y l e s t e r s of a c i d ( i l l ) and o - t - b u t y l b e n z o i c a c i d had t h e same r e l a ­
t i v e r e t e n t i o n t i m e of 1 . 0 0 . A n a l y s i s of t h e l a t t e r u s i n g column IV gave 
r e l a t i v e y i e l d s ( r e l a t i v e r e t e n t i o n t i m e ) o f 5 0 . 4 p e r c e n t ( 0 . 8 6 ) , I 8 . 7 
p e r c e n t ( 1 . 0 0 ) , and 2 9 . 2 p e r c e n t ( 1 . 3 7 ) ; u n d e r t h e s e c o n d i t i o n s t h e m e t h y l 
e s t e r s of o - t - b u t y l b e n z o i c a c i d and a c i d ( i l l ) have r e l a t i v e r e t e n t i o n 
t i m e s of 0 . 8 6 and 1 .00 , r e s p e c t i v e l y . These a n a l y s e s i n d i c a t e d t h a t a c i d 
( I I I ) and o - t - b u t y l b e n z o i c a c i d were o b t a i n e d i n r e l a t i v e y i e l d s of 1 8 . 7 
p e r c e n t and 1 9 . 6 p e r c e n t , r e s p e c t i v e l y , w i t h t h e r e m a i n d e r a p p r o x i m a t e l y 
e q u a l amounts o f two u n i d e n t i f i e d compounds. 
W i l l i a m s has r e p o r t e d t h a t t h e same r e a c t i o n a t 0° f o r one h o u r 
gave 25 p e r c e n t of an a c i d i c p r o d u c t c o n s i s t i n g of 98 p e r c e n t a c i d ( i l l ) 
and 2 p e r c e n t o f o r t h o - t - b u t y l b e n z o i c a c i d . Thus , a p p a r e n t l y a p r o l o n g e d 
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r e a c t i o n ha s r e s u l t e d i n t h e f o r m a t i o n o f u n d e s i r e d unknown p r o d u c t s . 
The n e u t r a l m a t e r i a l was a l s o a n a l y z e d by VPC and found t o g i v e a b s o l u t e 
y i e l d s o f 77 p e r c e n t t - b u t y l b e n z e n e , 7 ' 9 p e r c e n t i - b u t y l b e n z e n e , and 2 . 9 
p e r c e n t o f u n r e a c t e d c h l o r i d e . Thus i . - b u t y l b e n z e n e seems t o a r i s e by p r o -
t o n a t i o n o f 1 , 1 - d i m e t h y l - 2 - p h e n y l l i t h i u m ( i i ) and t - b u t y l b e n z e n e s i m i l a r l y 
from 2 - m e t h y l - 2 - p h e n y l p r o p y l l i t h i u m ( i ) ; t h e c h i e f s o u r c e o f such p r o t o n s 
a p p e a r s t o be t h e s o l v e n t t e t r a h y d r o f u r a n . The c a t h o d i c r e d u c t i o n of n e o p h y l 
c h l o r i d e a t a m e r c u r y c a t h o d e i n aqueous N ,N-d ime thy l fo rmamide has b e e n r e ­
p o r t e d t o g i v e t h e s e two h y d r o c a r b o n s w i t h a c o m p o s i t i o n of 9 3 ' 6 p e r c e n t 
t - b u t y l - and 6.k p e r c e n t i - b u t y l b e n z e n e . ^ 
A t t e m p t s were made t o i n c r e a s e t h e e x t e n t of r e a r r a n g e m e n t o f n e o ­
p h y l l i t h i u m by u s i n g a c h e l a t i n g a g e n t , N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e 
(TMEDA), wh ich has b e e n r e p o r t e d t o a c t i v a t e some o r g a n o l i t h i u m compounds. 
A s o l u t i o n o f n e o p h y l l i t h i u m p r e p a r e d a t -65° i n t e t r a h y d r o f u r a n was mixed 
w i t h an e q u i v a l e n t of TMEDA and t h e m i x t u r e was s t i r r e d a t -65° t o -30° f o r 
two h o u r s and f i n a l l y a t -30° f o r an a d d i t i o n a l two h o u r s b e f o r e c a r b o n a ­
t i o n . The r e s u l t i n g a c i d i c p r o d u c t (77 p e r c e n t y i e l d ) c o n s i s t e d of 97*8 
p e r c e n t o f a c i d ( i l l ) and 2 . 2 p e r c e n t o f a c i d ( I V ) . Thus t h e a d d i t i o n of 
a l i m i t e d q u a n t i t y o f t h e c h e l a t i n g a g e n t ha s n o t p romoted r e a r r a n g e m e n t . 
When t h e r e a c t i o n was r e p e a t e d u s i n g a l a r g e r e x c e s s ( c a . l 6 TMEDA:1 RLi) 
o f t h e d i amine a t -20° f o r t h r e e h o u r s f o l l o w e d by c a r b o n a t i o n , t h e a c i d i c 
p r o d u c t was o b t a i n e d i n 52 p e r c e n t y i e l d . Compound ( i l l ) , which was o b ­
t a i n e d i n 3*+ p e r c e n t a b s o l u t e y i e l d , was t h e o n l y v o l a t i l e a c i d i c p r o d u c t 
p r e s e n t i n s i g n i f i c a n t amount . The re was no e v i d e n c e o f t h e s u r v i v a l of 
(kO) L. E b e r s o n , A c t a Chem. S c a n d . , 22 , 30^5 ( I 9 6 8 ) . 
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compound ( i i ) u n d e r t h e s e c o n d i t i o n s . The n e u t r a l p r o d u c t was found t o 
c o n t a i n a b s o l u t e y i e l d s o f 26 p e r c e n t of t - b u t y l b e n z e n e and 5*5 p e r c e n t of 
i - b u t y l b e n e z e n e . Thus t h e a d d i t i o n of e x c e s s TMEDA and t h e i n c r e a s e i n 
r e a c t i o n t e m p e r a t u r e have n o t i n c r e a s e d t h e e x t e n t o f r e a r r a n g e m e n t , b u t 
on t h e c o n t r a r y , p o s s i b l y have a c c e l e r a t e d t h e p r o t o n a t i o n o f b o t h o r g a n o -
l i t h i u m compounds ( i ) and ( i i ) . 
From t h e e n e r g i e s of a c t i v a t i o n f o r 1 , 2 - r e a r r a n g e m e n t s c a l c u l a t e d 
by O r c h i n and h i s c o - w o r k e r s , one would e s t i m a t e t h a t a f r e e r a d i c a l r e ­
a r r a n g e m e n t (E , 7*84 ev) would be more f a v o r a b l e t h a n an a n i o n i c r e -
to v
 a c t ' 
a r r a n g e m e n t (E 9.H6 ev) f o r p h e n y l g r o u p . O r g a n o l i t h i u m compounds 
a c t 
have been r e p o r t e d t o form r a d i c a l - a n i o n s p h o t o c h e m i c a l l y . However, s e v e r a l 
a t t e m p t s t o a c c e l e r a t e t h e r e a r r a n g e m e n t o f n e o p h y l l i t h i u m p h o t o c h e m i c a l l y 
were u n s u c c e s s f u l . I n a t y p i c a l r u n , n e o p h y l l i t h i u m was p r e p a r e d i n 86 
p e r c e n t y i e l d a t -65° i n t e t r a h y d r o f u r a n and t h e e x c e s s l i t h i u m was removed 
by f i l t r a t i o n . The o r g a n o l i t h i u m s o l u t i o n was t h e n d i v i d e d i n t o two p o r ­
t i o n s ; one p o r t i o n was i r r a d i a t e d w i t h a 1+50 w a t t Hanovia lamp a t -7h° f o r 
13^- h o u r s and t h e n c a r b o n a t e d , and t h e o t h e r p o r t i o n was a l l o w e d t o s t a n d 
u n d e r t h e same c o n d i t i o n s w i t h o u t t h e uv l i g h t f o r t h e same l e n g t h o f t i m e 
b e f o r e c a r b o n a t i o n . The p h o t o c h e m i c a l r e a c t i o n p r o d u c e d a c i d i c and n e u t r a l 
m a t e r i a l i n a r a t i o of 1 .10 : 1 . 0 0 ; t h e t h e r m a l d e c o m p o s i t i o n r e a c t i o n gave 
a c i d i c and n e u t r a l m a t e r i a l i n a r a t i o o f O.898 : 1 . 0 0 . The a c i d i c p r o d ­
u c t s were a n a l y z e d a s m e t h y l e s t e r s by VPC and found t o c o n t a i n 97 p e r c e n t 
o f ( i l l ) and 3 p e r c e n t o f ( IV) i n t h e p h o t o c h e m i c a l r e a c t i o n ; and 9 6 . 5 p e r ­
c e n t o f ( i l l ) and 3 ' 5 p e r c e n t of (IV) i n t h e t h e r m a l d e c o m p o s i t i o n r e a c t i o n . 
Thus t h e c o m p o s i t i o n of t h e a c i d i c p r o d u c t from t h e p h o t o c h e m i c a l r e a c t i o n 
was e s s e n t i a l l y i d e n t i c a l w i t h t h a t o f t h e t h e r m a l d e c o m p o s i t i o n . I n t h r e e 
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o t h e r a t t e m p t s u s i n g e i t h e r a 200 w a t t Hanovia lamp a t -70° f o r two h o u r s 
o r a k^O w a t t Hanovia lamp a t -70 ± 5° f o r 12 h o u r s , t h e r e was o b t a i n e d 
some 38 t o 50 p e r c e n t y i e l d s o f a c i d i c p r o d u c t s . These a c i d i c p r o d u c t s 
were a n a l y z e d a s m e t h y l e s t e r s by VPC and found t o c o n s i s t of 98 ± 1 p e r ­
c e n t o f ( I I I ) and 1 + 1 p e r c e n t of ( I V ) . 
S i n c e t h e r e a r r a n g e m e n t p r o d u c t s (IV) and i - b u t y l b e n z e n e were a lways 
o b s e r v e d i n s m a l l amounts ( c a . a t o t a l of 6 p e r c e n t ) , i t was c o n c e i v a b l e 
t h a t t h e s e r e a r r a n g e d p r o d u c t s were o r i g i n a t e d from one o f t h e f o u r p o s ­
s i b l e s o u r c e s : ( l ) c o n t a m i n a t i o n o f t h e s t a r t i n g n e o p h y l c h l o r i d e by a 
minor i m p u t i r y , i . e . , 2 - c h l o r o - 2 - m e t h y l - l - p h e n y l p r o p a n e , (2) r e a r r a n g e m e n t 
of t h e fo rmer u n d e r r e a c t i o n c o n d i t i o n s t o g i v e t h e l a t t e r b e f o r e t h e r e ­
a c t i o n of l i t h i u m m e t a l , (3) t h e r m a l r e a r r a n g e m e n t t o ( i i ) and i - b u t y l b e n ­
zene d u r i n g t h e i n i t i a t i o n , and (k) r e a r r a n g e m e n t p romoted by t h e m e t h y l 
i o d i d e u s e d i n i n i t i a t i n g t h e r e a c t i o n . A c c o r d i n g t o VPC a n a l y s i s , t h e 
s t a r t i n g n e o p h y l c h l o r i d e was f r e e from i s o m e r i c i m p u r i t i e s ; i n p a r t i c u l a r 
i t was d e m o n s t r a t e d t h a t t h e c h l o r i d e r e l a t e d t o ( i i ) , i . e . , 2 - c h l o r o - 2 -
m e t h y l - l - p h e n y l p r o p a n e , was p r e s e n t ( i f a t a l l ) i n an amount o f l e s s t h a n 
0 . 5 p e r c e n t . Moreover , r e d u c t i o n of t h e s t a r t i n g c h l o r i d e w i t h sodium i n 
r e f l u x i n g d i o x a n e - t - p e n t y l a l c o h o l gave t - b u t y l b e n z e n e c o n t a i n i n g l e s s t h a n 
1.2 p e r c e n t o f i - b u t y l b e n z e n e . I t i s , t h e r e f o r e , v e r y u n l i k e l y t h a t t h e 
r e a r r a n g e m e n t p r o d u c t s c o u l d a r i s e from i m p u r i t i e s i n t h e s t a r t i n g h a l i d e . 
The p o s s i b i l i t y t h a t n e o p h y l c h l o r i d e c o u l d have been i s o m e r i z e d u n d e r t h e 
r e a c t i o n c o n d i t i o n s t o 2 - c h l o r o - 2 - m e t h y l - l - p h e n y l p r o p a n e was d i s p r o v e d by 
a b l a n k e x p e r i m e n t . Thus a s o l u t i o n of n e o p h y l l i t h i u m p r e p a r e d i n t e t r a ­
h y d r o f u r a n a t -65° was r e a c t e d a t t h i s same t e m p e r a t u r e w i t h an e q u i v a l e n t 
o f n e o p h y l c h l o r i d e f o r f i v e h o u r s and t h e r e s u l t i n g s o l u t i o n was c a r b o n a t e d . 
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The c h l o r i d e which was r e c o v e r e d i n 85 p e r c e n t y i e l d was found t o be n e o ­
p h y l c h l o r i d e w i t h o u t any c o n t a m i n a t i o n by i s o m e r i c h a l i d e s . Thus , t h e 
f i r s t and s e c o n d p o s s i b i l i t i e s above were d i s p r o v e d . The t h i r d p o s s i b i l i t y 
was d i s p r o v e d by a p r e p a r a t i o n r u n a t -10° f o r one h o u r , which gave a b s o ­
l u t e y i e l d s o f 0 . 9 p e r c e n t of r e a r r a n g e d a c i d ( I V ) , 5 ' 8 p e r c e n t of i - b u t y l ­
b e n z e n e , and m o s t l y u n r e a r r a n g e d a c i d ( i l l ) . The f o u r t h p o s s i b i l i t y above 
was a l s o d i s p r o v e d by e x p e r i m e n t s i n which t h e m e t h y l i o d i d e was o m i t t e d 
w i t h o u t c h a n g i n g t h e r e s u l t s ( s a v e f o r somewhat more u n r e a c t e d n e o p h y l 
c h l o r i d e t h a n u s u a l i n t h e p r o d u c t s ) . 
T h e r e f o r e , i t i s c o n c l u d e d t h a t n e o p h y l c h l o r i d e r e a c t s w i t h l i t h i u m 
m e t a l by a o n e - e l e c t r o n t r a n s f e r p r o c e s s t o g i v e n e o p h y l r a d i c a l which i n 
p a r t i s f r e e enough from m e t a l t o u n d e r g o t h e known 1 , 2 - m i g r a t i o n of p h e n y l ; 
r e d u c t i o n of t h e r a d i c a l s w i t h l i t h i u m t h e n g i v e s t h e o r g a n o l i t h i u m p r o d -
bl 
u c t s ( i ) and ( i i ) . A s i m i l a r e x p l a n a t i o n h a s b e e n advanced t o a c c o u n t 
f o r t h e r e a r r a n g e d h y d r o c a r b o n s formed d u r i n g r e a c t i o n of n e o p h y l c h l o r i d e 
w i t h magnesium, "'~^a t h e c a t h o d i c r e d u c t i o n of n e o p h y l c h l o r i d e , ^ and f o r 
r a c e m i z a t i o n ( b u t no r e a r r a n g e m e n t o f p h e n y l ) d u r i n g r e a c t i o n of o p t i c a l l y 
a c t i v e l - h a l o g e n - l - m e t h y l - 2 , 2 - d i p h e n y l c y c l o p r o p a n e w i t h magnesium and 
l i t h i u m . 
(bl) E . G r o v e n s t e i n , J r . and Yao-Ming Cheng, Chem. Comm., 1970 , 1 0 1 . 
(b2) H. M. Walborsky and A. E . Young, J . Am. Chem. S o c , 86 , 3288 
( 1 9 6 4 ) ; H. M. Walborsky and M. W. Arone f f , J . O r g a n o m e t a l . Chem. ,~4 , bl3, 
( 1 9 6 5 ) . 
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C 0 2 ^ ^ PhCMe 2CH 2C0 2H 
THF / * 
PhCMe 2CH 2Li ( I I I ) 
PhCMe 2CH 2Cl + L i 
\ 
( I ) f+ * PhCMe^ 
^0 2 PhCH 2CMe 2C0 2H 
(IV) 
PhCH2CHMe2 
The m e t a l - h a l o g e n i n t e r c h a n g e r e a c t i o n s o f a l k y l l i t h i u m compounds 
and a l k y l h a l i d e s have b e e n r e p o r t e d t o t a k e p l a c e by a t w o - s t e p o n e -
r e a r r a n g e m e n t of n e o p h y l l i t h i u m by t h e a d d i t i o n of i o d i n e . N e o p h y l l i t h i u m 
was p r e p a r e d a t -65° i n t e t r a h y d r o f u r a n and t h e n r e a c t e d w i t h a p p r o x i m a t e l y 
o n e - h a l f e q u i v a l e n t o f i o d i n e a t -65° f o r a t o t a l o f 64 m i n u t e s b e f o r e c a r ­
b o n a t i o n . The c a r b o n a t e d p r o d u c t y i e l d e d 10 p e r c e n t of c a r b o x y l i c a c i d , 
which c o n s i s t e d o f 98 p e r c e n t o f a c i d ( i l l ) and 2 p e r c e n t of a c i d ( I V ) . 
I n t h i s r e a c t i o n , t - b u t y l b e n z e n e and i - b u t y l b e n z e n e were o b t a i n e d i n a b s o ­
l u t e y i e l d s of 9*8 p e r c e n t and 2 . 3 p e r c e n t , r e s p e c t i v e l y . Most o f t h e 
o r g a n o l i t h i u m compounds o r i g i n a l l y g e n e r a t e d were a p p a r e n t l y l o s t by t h e 
f o r m a t i o n o f Wurtz c o u p l i n g p r o d u c t s . The o r i g i n a l t h o u g h t was t h a t t h e 
a d d i t i o n of i o d i n e would g e n e r a t e some a l k y l i o d i d e which m i g h t u n d e r g o 
m e t a l - h a l o g e n i n t e r c h a n g e w i t h t h e r e m a i n i n g n e o p h y l l i t h i u m t o p r o d u c e 
n e o p h y l r a d i c a l s ; n e o p h y l r a d i c a l s i n t u r n would u n d e r g o r e a r r a n g e m e n t t o 
g i v e r e a r r a n g e d p r o d u c t s of no rma l m o l e c u l a r w e i g h t s . T h i s e x p e r i m e n t h a s 
f a i l e d t o g i v e t h e e x p e c t e d r e s u l t s . A n o t h e r a t t e m p t was made i n t h e hope 
(43) H. R. Ward, R. G. L a w l e r , and R. A. Cooper , J . Am. Chem. S o c , 
9 1 , 746 ( 1 9 6 9 ) ; A. R. L e p l e y and R. L. Landau, i b i d . , 91, 749 ( I 9 6 9 ) . 
e l e c t r o n t r a n s f e r p r o c e s s . 43 One a t t e m p t was made t o p romote f r e e r a d i c a l 
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t h a t t h e a d d i t i o n of an a l k y l h a l i d e i t s e l f m i g h t a c c e l e r a t e t h e . r e a r r a n g e ­
ment o f n e o p h y l l i t h i u m . I n an e x p e r i m e n t , n e o p h y l l i t h i u m was p r e p a r e d a t 
-65° i n t e t r a h y d r o f u r a n and t h e n warmed t o -10° f o r one h o u r t o d e s t r o y 
most of t h e r e a r r a n g e d o r g a n o l i t h i u m compound ( i i ) . The t e m p e r a t u r e was 
a g a i n l o w e r e d t o -65° and t h e s o l u t i o n was d i v i d e d i n t o two p a r t s ; t o one 
o f t h e s e was added a p p r o x i m a t e l y o n e - h a l f e q u i v a l e n t of e t h y l i o d i d e and 
t o t h e o t h e r h a l f was added a p p r o x i m a t e l y t h e same m o l a r r a t i o o f n e o p h y l 
c h l o r i d e . The p o r t i o n t o wh ich e t h y l i o d i d e had been added was a l l o w e d t o 
s t a n d a t -60° f o r up t o 15 m i n u t e s and t h e n c a r b o n a t e d . T h i s r e a c t i o n r e ­
s u l t e d i n a t r emendous d e c r e a s e i n y i e l d ( t o 3*1 p e r c e n t ) of a c i d ( i l l ) ; 
two n e u t r a l p r o d u c t s wh ich have r e t e n t i o n t i m e s be tween t h o s e o f b u t y l b e n ­
zene and n e o p h y l c h l o r i d e were o b s e r v e d i n s i g n i f i c a n t amount . These two 
compounds ( o b t a i n e d i n 23 p e r c e n t and 3 p e r c e n t a b s o l u t e y i e l d s ) were p o s ­
s i b l y c o u p l i n g p r o d u c t s of e t h y l i o d i d e w i t h o r g a n o l i t h i u m compounds ( i ) 
and ( i i ) . The p o r t i o n t o which n e o p h y l c h l o r i d e had b e e n added was a l l o w e d 
t o s t a n d a t -65° f o r up t o one h o u r . T h i s r e a c t i o n d i d n o t a f f e c t t h e 
y i e l d s o f c a r b o x y l i c a c i d s s i g n i f i c a n t l y . Both e t h y l i o d i d e and n e o p h y l 
c h l o r i d e d i d n o t a l t e r t h e y i e l d s of t - b u t y l b e n z e n e and i - b u t y l b e n z e n e 
( i d e n t i t y c o n f i r m e d by nmr) n o t i c e a b l y . The y i e l d s of t h e s e two h y d r o -
The nmr s p e c t r u m of t - b u t y l b e n z e n e showed a m u l t i p l e t c e n t e r e d a t 
2 . 8 3 T (5 H) , a s i n g l e t a t 8 . 7 8 T ( 9 H ) ; w h i l e t h a t of i - b u t y l b e n z e n e 
showed a m u l t i p l e t c e n t e r e d a t 2 . 9 2 T (5 H) , a s o u b l e t c e n t e r e d a t 7 . 5 8 T 
(2 H, J = 7 H z ) , a m u l t i p l e t c e n t e r e d a t 8 . 2 5 T ( l H, J = 6 . 5 H z ) , a doub­
l e t c e n t e r e d a t 9*13 T (6 H, J = 7 H z ) ; t h a t o f s - b u t y l b e n z e n e showed a 
m u l t i p l e t a t 2 . 8 8 T (5 H) , a s e x t e t c e n t e r e d a t 7 . 4 9 T ( l H, J = 7 H z ) , a 
q u i n t e t c e n t e r e d a t 8 . 4 7 T (2 H, J = 7 H z ) , a d o u b l e t c e n t e r e d a t 8 . 8 3 T 
(3H, J = 7 H z ) , and a t r i p l e t c e n t e r e d a t 9 . 2 1 T (3 H, J = 7 H z ) . 
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c a r b o n s seemed t o r ema in c o n s t a n t (19 p e r c e n t f o r t h e fo rmer and 9 p e r c e n t 
f o r t h e l a t t e r ) . Thus t h e a d d i t i o n of b o t h i o d i n e and a l k y l h a l i d e s h a s 
n o t a c c e l e r a t e d t h e r e a r r a n g e m e n t of n e o p h y l l i t h i u m a s i n d i c a t e d by t h e 
p r e s e n t ( b u t i n c o m p l e t e ) p r o d u c t a n a l y s e s . 
Two a t t e m p t s were made t o e f f e c t t h e r e a r r a n g e m e n t of n e o p h y l l i t h i u m 
by r e a c t i n g i t w i t h a more r e a c t i v e m e t a l . N e o p h y l l i t h i u m p r e p a r e d a t -65° 
i n t e t r a h y d r o f u r a n was r e a c t e d w i t h a p p r o x i m a t e l y t h r e e e q u i v a l e n t s o f 
Cs-K-Na a l l o y f o r one h o u r and t h e n c a r b o n a t e d . The r e s u l t i n g a c i d s gave 
r e l a t i v e y i e l d s of 80 p e r c e n t a c i d ( i l l ) , 5*5 p e r c e n t a c i d ( I V ) , and l 4 . 5 
p e r c e n t of f o u r u n i d e n t i f i e d a c i d s . The n e u t r a l m a t e r i a l p r o d u c e d a b s o l u t e 
y i e l d s of 1 0 . 9 p e r c e n t t - b u t y l b e n z e n e and 1 .8 p e r c e n t o f i - b u t y l b e n z e n e . 
The same c l e a v a g e r e a c t i o n was r u n a t -10° f o r 45 m i n u t e s b e f o r e c a r b o n a ­
t i o n . The a c i d i c p r o d u c t c o n s i s t e d o f 93 p e r c e n t a c i d ( i l l ) , 2 . 1 p e r c e n t 
a c i d ( I V ) , and 4 . 9 p e r c e n t o f t h r e e u n i d e n t i f i e d a c i d s . The t - b u t y l b e n z e n e 
and i - b u t y l b e n z e n e were o b t a i n e d i n 2 1 . 2 p e r c e n t and 4 . 7 8 p e r c e n t a b s o l u t e 
y i e l d s , r e s p e c t i v e l y . 
R e a c t i o n o f Neophyl C h l o r i d e w i t h P o t a s s i u m 
and P o t a s s i u m - C e s i u m A l l o y s 
The r e a c t i o n o f n e o p h y l c h l o r i d e w i t h p o t a s s i u m i n r e f l u x i n g t e t r a ­
h y d r o f u r a n p r o d u c e d a r e d d i s h brown s o l u t i o n w h i c h , upon c a r b o n a t i o n , gave 
some 6 . 7 p e r c e n t a b s o l u t e y i e l d o f o i l y a c i d i c p r o d u c t and some 7 1 p e r c e n t 
of v o l a t i l e h y d r o c a r b o n s , and t h e r e m a i n d e r n o n v o l a t i l e n e u t r a l compounds. 
The a c i d i c p r o d u c t was c o n v e r t e d i n t o m e t h y l e s t e r s which were a n a l y z e d by 
VPC; t h i s p r o d u c t was found t o c o n t a i n t h r e e ma jo r a c i d s i n an o v e r a l l a b s o ­
l u t e y i e l d o f O.58 p e r c e n t , and none o f t h e s e was i d e n t i f i e d a s ( i l l ) , ( I V ) , 
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2 - p h e n y l ~ 2 - m e t h y l b u t a n o i c a c i d , o r o - , m-, o r p - t - b u t y l b e n z o i c a c i d . The 
n e u t r a l p r o d u c t gave a b s o l u t e y i e l d s o f 6k p e r c e n t t - b u t y l b e n z e n e , 6 . 2 p e r ­
c e n t JL-buty lbenzene ( i d e n t i t y c o n f i r m e d by n m r ) , and 0 . 1 p e r c e n t u n r e a c t e d 
n e o p h y l c h l o r i d e . Thus , u n d e r t h e r e a c t i o n c o n d i t i o n s , t h e o r g a n o p o t a s s i u m 
compounds i n i t i a l l y formed d u r i n g t h e r e a c t i o n of n e o p h y l c h l o r i d e w i t h 
p o t a s s i u m a p p a r e n t l y were p r o t o n a t e d by t h e s o l v e n t . The s m a l l amount o f 
a c i d i c p r o d u c t s c o u l d p o s s i b l y r e s u l t from m e t a l a t i o n of p , P - d i m e t h y l s t y r e n e 
s i n c e r e a c t i o n o f n e o p h y l c h l o r i d e w i t h a d e f i c i e n t q u a n t i t y of sodium h a s 
p r e v i o u s l y been r e p o r t e d t o y i e l d t - t u b y l b e n z e n e ( 3 ^ . 6 p e r c e n t ) , 1 - m e t h y l -
1 - p h e n y l c y c l o p r o p a n e ( 1 1 . 9 p e r c e n t ) , and p , p - d i m e t h y l s t y r e n e ( 1 3 - 7 p e r c e n t ) 
kk 
a l o n g w i t h u n r e a c t e d n e o p h y l c h l o r i d e . 
Neophyl c h l o r i d e was a l s o r e a c t e d w i t h b o t h a b i n a r y Cs-K a l l o y and 
a t e r n a r y Cs-K-Na a l l o y a t l ower t e m p e r a t u r e s t o s e e w h e t h e r t h e r e was any 
r e a r r a n g e m e n t . The r e a c t i o n was s t u d i e d w i t h b i n a r y Cs-K a l l o y i n t e t r a ­
h y d r o f u r a n a t -k0° and -60° and gave k?> p e r c e n t and k2 p e r c e n t , r e s p e c t i v e l y , 
o f a c i d i c m i x t u r e s . These a c i d i c m i x t u r e s e a c h c o n t a i n e d a t l e a s t s e v e n 
compounds and among t h e s e 2 - p h e n y l - 2 - m e t h y l b u t a n o i c a c i d c o n s t i t u t e d from 
7 t o 10 p e r c e n t ( r e l a t i v e y i e l d s ) of t h e v o l a t i l e a c i d i c m i x t u r e ( o r i n 
a b s o l u t e y i e l d of I . 3 8 and 2.8k p e r c e n t b a s e d on t h e c h l o r i d e u s e d ) . Two 
a c i d s wh ich c o n s t i t u t e d 0 . 5 t o 1 .8 p e r c e n t of t h e v o l a t i l e a c i d m i x t u r e 
c o u l d be a m i x t u r e of a c i d ( i l l ) and o - t - b u t y l b e n z o i c a c i d , b u t t h e y were 
n o t p o s i t i v e l y i d e n t i f i e d . The n e u t r a l p r o d u c t s were found t o g i v e , i n t h e 
r u n a t -k0°, a b s o l u t e y i e l d s of 38 p e r c e n t t - b u t y l b e n z e n e and k.2 p e r c e n t 
_ i - b u t y l b e n z e n e a n d / o r s_ -bu ty lbenzene . The r e a c t i o n s o f n e o p h y l c h l o r i d e 
{kk) F . C. Whi tmore , C. A. W e i s g e r b e r , and A. C. S h a b i c a , J r . , 
J . Am. Chem. S o c , 6 5 , lk69 (19-+3). 
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w i t h Cs-K-Na a l l o y were c a r r i e d o u t i n t e t r a h y d r o f u r a n a t -63 ± 4° f o r 
two t i m e i n t e r v a l s of 13 and 37 m i n u t e s . The 13 m i n u t e s r e a c t i o n gave 42 
p e r c e n t of a c i d i c p r o d u c t which c o n t a i n e d a t l e a s t s even v o l a t i l e com­
p o u n d s , w i t h 2 - p h e n y l - 2 - m e t h y l b u t a n o i c a c i d c o n s t i t u t i n g 4 . 1 p e r c e n t ( 1 . 1 
p e r c e n t a b s o l u t e y i e l d ) of t h e s e . The c o r r e s p o n d i n g n e u t r a l m a t e r i a l p r o ­
duced a b s o l u t e y i e l d s o f 38 p e r c e n t t - b u t y l b e n z e n e , 2 . 0 p e r c e n t ^ - b u t y l ­
b e n z e n e a n d / o r ^ - b u t y l b e n z e n e , and 2 . 2 p e r c e n t o f u n r e a c t e d n e o p h y l c h l o ­
r i d e . The 37 m i n u t e s r e a c t i o n gave 77 p e r c e n t of a c i d i c p r o d u c t w h i c h , 
a c c o r d i n g t o VPC of t h e m e t h y l e s t e r s , c o n s i s t e d o f 9 -0 p e r c e n t ( r e l a t i v e 
y i e l d ) o f 2 - p h e n y l - 2 - m e t h y l b u t a n o i c a c i d ( o r c a . 4 p e r c e n t a b s o l u t e y i e l d ) 
w i t h t h e r e m a i n d e r f i v e u n i d e n t i f i e d a c i d s . The n e u t r a l m a t e r i a l from t h i s 
r u n gave > 90 p e r c e n t r e l a t i v e y i e l d o f t - b u t y l b e n z e n e . The 2 - p h e n y l - 2 -
m e t h y l b u t a n o i c a c i d must a r i s e from c a r b a n i o n I I ' ; t h i s a n i o n m i g h t be 
formed by a 1 , 2 - m i g r a t i o n o f m e t h y l i n 1 1 o r v i a an e l i m i n a t i o n r e a d d i t i o n 
mechanism: 
Because o f r e s o n a n c e s t a b i l i z a t i o n , c a r b a n i o n I I ' i s e x p e c t e d t o be more 
s t a b l e t h a n c a r b a n i o n I ' . The f o l l o w i n g mechanism, however , c a n n o t be 
c o m p l e t e l y r u l e d o u t : 
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Ph 
PhCMe 2CH 2Cl 
K 2K 
> PhCMeCH0CH0: 
•• d.c. K 
.+ THF 
> I I 
Me' K 
kk As q u o t e d a b o v e , b o t h P , 3 - d i m e t h y l s t y r e n e and 1 - m e t h y l - l - p h e n y l c y c l o p r o -
pane have b e e n o b t a i n e d i n t h e r e a c t i o n o f sodium w i t h n e o p h y l c h l o r i d e . 
C o n t r a r y t o t h e r e a c t i o n i n t e t r a h y d r o f u r a n , t h e r e a c t i o n of n e o p h y l 
c h l o r i d e w i t h t h e same t e r n a r y ces ium a l l o y i n d i e t h y l e t h e r a t -70° p r o ­
duced o n l y 4 . 7 p e r c e n t o f a c i d i c m a t e r i a l ; h e r e 3 - p h e n y l - 3 - m e t h y l b u t a n o i c 
a c i d was formed i n 0 . 8 6 p e r c e n t y i e l d and 2 - p h e n y l - 2 - m e t h y l b u t a n o i c a c i d 
i n 0 . 0 1 8 p e r c e n t y i e l d ( a b s o l u t e ) . 
I n summary, t h e r e a c t i o n o f n e o p h y l c h l o r i d e w i t h ces ium a l l o y s i n 
t e t r a h y d r o f u r a n a t -40° t o -70° g i v e s complex a c i d i c p r o d u c t s c o n t a i n i n g 
some p r o d u c t c o r r e s p o n d i n g t o m e t h y l g roup m i g r a t i o n o f t h e o r i g i n a l n e o ­
p h y l a n i o n . The o n l y r e a c t i o n i n wh ich n e o p h y l a n i o n was o b s e r v e d was i n 
d i e t h y l e t h e r a p p a r e n t l y due t o t h e low s o l u b i l i t y o f t h i s p r i m a r y c a r ­
b a n i o n i n t h i s s o l v e n t . 
I n o r d e r t o d e t e r m i n e w h e t h e r o r n o t a p - b i p h e n y l y l g r o u p h a s u n d e r ­
gone a 1 , 2 - r e a r r a n g e m e n t a c r o s s an e t h y l s y s t e m , i t i s e s s e n t i a l t h a t a 
s u i t a b l e l a b e l be p r e s e n t t o r e v e a l s u c h a m i g r a t i o n and an a n a l y t i c a l 
method a v a i l a b l e t o m o n i t o r t h e p r o c e s s , 
A n a l y s i s of p _ - B i p h e n y l y l e t h y l and p - B i p h e n y l y l e t h y l - d , 
Compounds by NMR S p e c t r o s c o p y 
Ph -< - P h 
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E a r l y i n t h e p r e s e n t work i t was d e c i d e d t h a t d e u t e r i u m would p r o v i d e a 
u s e f u l l a b e l s i n c e t h e c o u r s e of t h e r e a r r a n g e m e n t c o u l d be f o l l o w e d c o n ­
v e n i e n t l y by nmr s p e c t r o s c o p y . I n T a b l e '12 a r e l i s t e d t h e nmr s p e c t r a o f 
t h e compounds u t i l i z e d i n t h e p r e s e n t work . S p e c t r a l a s s i g n m e n t s can be 
made h e r e w i t h c o n f i d e n c e b e c a u s e o f t h e a v a i l a b i l i t y o f t h e d e u t e r i u m -
l a b e l e d compounds o f known s t r u c t u r e . A l s o , t h e a b s e n c e o f a b s o r p t i o n s i n 
t h e d e u t e r i u m compounds c o n f i r m s t h e i r i s o t o p i c p u r i t y . The w i d e l y v a r y i n g 
c h e m i c a l s h i f t s of t h e m e t h y l and m e t h y l e n e p r o t o n s i n p - b i p h e n y l y l e t h a n e 
make a n a l y s i s f o r p_ -b ipheny ly l m i g r a t i o n e s p e c i a l l y e a s y i n t h i s compound. 
The s y n t h e s i s o f 2 - p h e n e t h y l l i t h i u m ( 2 - p h e n y l e t h y l l i t h i u m by t h e 
r e a c t i o n o f 1 - c h l o r o - 2 - p h e n y l e t h a n e w i t h l i t h i u m i n t e t r a h y d r o f u r a n was , 
u n d e r t h e c o n d i t i o n s u s e d , r e a s o n a b l y s u c c e s s f u l . The r e a c t i o n was i n i t i ­
a t e d a t 0° i n t h e p r e s e n c e of m e t h y l i o d i d e and t h e n c o n d u c t e d a t -65° f o r 
two h o u r s . C a r b o n a t i o n y i e l d e d 69 p e r c e n t of 3 - p h e n y l p r o p a n o i c a c i d . The 
c o r r e s p o n d i n g h y d r o c a r b o n , e t h y l b e n z e n e , was o b t a i n e d i n 2h p e r c e n t y i e l d . 
I n g e n e r a l , t h e s y n t h e s i s of an o r g a n o a l k a l i compound o f t h e s t r u c ­
t u r e ArCHgCH^M from t h e c o r r e s p o n d i n g h a l i d e would e n c o u n t e r a number of 
d i f f i c u l t i e s due t o t h e t e n d e n c y f o r d e h y d r o h a l o g e n a t i o n o f t h e h a l i d e and 
S y n t h e s e s and S t a b i l i t y o f 2 - A r y l e t h y l l i t h i u m 
ArCH 2CH 2X Ar CH^Cii^ + HB + X 
ArCH=CH2 
RM ArCH=CH, 
•> ArCH—CHpR • 
M 
e t c . 
T h i s l i t h i u m compound h a s b e e n r e p o r t e d i n l i t e r a t u r e ( s e e U. S. 
P a t e n t , 3069^07 , ^9^2) b u t no d e t a i l s were g i v e n f o r i t s s y n t h e s i s . 
I l l 
T a b l e 1 2 . The nmr S p e c t r a of p - B i p h e n y l y l e t h y l Compounds 
Compound T I n t e n s i t y M u l t i p l i c i t y Ass ignmen t 
p - C 1 2 H 9 C H 2 C H 3 a 2 . 8 3 
7 . 4 9 
8 .87 
9-00 
I . 8 9 
3-oi+ 
m 
t 
q 
a r o m a t i c 
a - m e t h y l e n e 
m e t h y l 
p - C 1 2 H 9 C H 2 C D 2 H a 2 . 8 3 
7 . 5 2 
8 . 9 3 
9 . 0 0 
1 .86 
1.16 
m 
d 
t 
a r o m a t i c 
a - m e t h y l e n e 
m e t h y l 
£ ~ C 1 2 H 9 C H 2 C H 2 0 H 2 . 6 2 6.1k 
7 - 1 3 , 
8 . 4 5 d 
9 . 2 6 
2 . 0 0 
2 . 0 0 
1.16 
m 
t 
t 
s 
a r o m a t i c 
0 - m e t h y l e n e 0 
a - m e t h y l e n e 
OH 
p-C 1 2 H 9 CH 2 CD 2 OH 2 . 6 2 
7 . 1 9 , 
7 . 7 5 d 
9 . 3 
2 . 0 
1.0 
m 
s 
s 
a r o m a t i c 
Qf-methylene 
OH 
£ " C 1 2 H 9 C H 2 C H 2 C 1 2 . 8 8 6.kk 
7 . 0 6 
9 -39 
2 . 0 0 
2 . 0 0 
m 
t 
t 
a r o m a t i c 
3 - m e t h y l e n e 0 
a - m e t h y l e n e ^ 
p - C 1 2 H 9 C H 2 C D 2 C l 2 . 7 2 
7 .02 
9 . 0 0 
2 . 0 0 
m 
s 
a r o m a t i c 
o > m e t h y l e n e b 
£
'
C 1 2 H 9 C H 2 C H 2 C 0 2 C H 3 2 . 7 9 6.1+7 
7 . 2 0 
l.kk 
8 . 8 7 
3-00 
2 . 1 2 
2 . 1 2 
m 
s 
Unsym. 
Unsym. 
t 
t 
a r o m a t i c 
m e t h o x y l 
a - m e t h y l e n e 
3 - m e t h y l e n e 0 
p - C 1 2 H 9 C H 2 C D 2 C 0 2 C H 3 2 . 7 0 
6.1+1 
7 . 1 0 
9 . 0 0 
3 - 0 1 
2 . 0 1 
m 
s 
s 
a r o m a t i c 
m e t h o x y l 
o > m e t h y l e n e b 
Carbon t e t r a c h l o r i d e was u s e d a s s o l v e n t e x c e p t i n t h e c a s e o f t h e 
two a l c o h o l s where d e u t e r o c h l o r o f o r m was u s e d as s o l v e n t . 
E x t e r n a l TMS was u s e d a s s t a n d a r d . 
^Methy lene g roup a d j a c e n t t o t h e a r o m a t i c r i n g . 
The o t h e r m e t h y l e n e g r o u p . 
d T h e c h e m i c a l s h i f t o f OH p r o t o n v a r i e s w i t h c o n c e n t r a t i o n of 
s o l u t i o n . 
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f o r t h e o l e f i n formed, ArChsCHg, t o be p o l y m e r i z e d by KM t o g i v e c o m p l i c a t e d 
p r o d u c t s . 
Most o f t h e known c a r b a n i o n r e a r r a n g e m e n t s i n v o l v i n g a 1 , 2 - a r y l m i -
15 -17 4 1 
g r a t i o n have b e e n l i m i t e d t o t h o s e which do n o t have any (3-hydrogens . ' 
The o n l y examples which have b e e n s t u d i e d i n v o l v i n g two 3 - h y d r o g e n s were 
2 1 
found i n t h e work by Cram and D a l t o n . The r e d u c t i o n of 1 , l - d i d e u t e r i o - 2 -
( 1 - n a p h t h y l ) - e t h y l m e t h a n e s u l f o n a t e and 1 , l - d i d e u t e r i o - l - m e t h o x y - 2 - ( l -
n a p h t h y l ) - e t h a n e w i t h p o t a s s i u m i n d i m e t h o x y e t h a n e was found t o g i v e no r e ­
a r r a n g e m e n t . I n t h e same p a p e r , t h e r e a c t i o n s of p o t a s s i u m w i t h t h r e o - 2 -
p h e n y l - 2 - p e n t y l m e t h a n e s u l f o n a t e i n d i m e t h o x y e t h a n e and of sodium w i t h 
t h r e e - 3 - p h e n y l - 2 - p e n t y l m e t h a n e s u l f o n a t e i n l i q u i d ammonia were r e p o r t e d 
t o g i v e 6 and 3 p e r c e n t of r e a r r a n g e m e n t , r e s p e c t i v e l y . 
The s u c c e s s i n t h e s y n t h e s i s of p h e n e t h y l l i t h i u m r a i s e d t h e p o s s i ­
b i l i t y of s t u d y i n g t h e s y n t h e s e s and r e a r r a n g e m e n t s of o r g a n o a l k a l i com­
pounds w i t h two p - h y d r o g e n s . The s t a r t i n g compounds c h o s e n f o r t h i s s t u d y 
were l - c h l o r o - 2 - p _ - b i p h e n y l y l e t h a n e and l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , l - d 2 . 
The s y n t h e s i s o f 2 - p _ - b i p h e n y l y l e t h y l l i t h i u m from t h e c o r r e s p o n d i n g c h l o r i d e 
and l i t h i u m m e t a l i s summarized i n T a b l e 13 - The optimum c o n d i t i o n s f o r 
t h i s s y n t h e s i s i n t e t r a h y d r o f u r a n were found t o be r e a c t i o n o f t h e h a l i d e 
w i t h a l a r g e e x c e s s l i t h i u m ( l RC1: 16 L i ) a t -73° f o r a s h o r t p e r i o d o f 
t i m e (20 m i n u t e s a d d i t i o n and 10 m i n u t e s s u b s e q u e n t s t i r r i n g ) ( r u n 4 ) . T h i s 
r e a c t i o n upon c a r b o n a t i o n y i e l d e d 52 p e r c e n t of 3 - p _ - h i p h e n y l y l p r o p a n o i c 
a c i d . Dur ing t h e r e a c t i o n a p i n k c o l o r f i r s t a p p e a r e d i n t h e s o l u t i o n and 
(45) H. E. Zimmerman and F . J . Smentowski , J . Am. Chem. S o c , 7 9 , 
5455 ( 1 9 5 7 ) . 
T a b l e 13• R e a c t i o n o f 1 - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e w i t h L i t h i u m 
-— R u n ^ N o ^ ^ ——————— 
1 2 3 4 5 6 
RC1 g 
(mole) 
4 . 6 8 
( 0 . 0 2 1 6 ) 
4 . 8 9 
( 0 . 0 2 2 6 ) 
4 . 9 8 
( 0 . 0 2 3 0 ) 
5 . 0 1 
( 0 . 0 2 3 1 ) 
5 . 0 1 
( 0 . 0 2 3 1 ) 
5 . 0 1 
( 0 . 0 2 3 1 ) 
L i t h i u m g 
(g atom) 
0 . 5 9 1 
( 0 . 0 8 5 1 ) 
1 .24 
( 0 . 1 7 9 ) 
0 . 3 7 4 
( 0 . 0 5 3 9 ) 
2 . 5 5 
( 0 . 3 6 7 ) 
2 . 5 0 
(O.360) 
2 . 5 5 
( 0 . 3 6 7 ) 
R e a c t i o n Temp. -70° - 7 0 ° - 7 0 ° - 7 4 - 7 3 ° - 7 5 ° 
Time o f A d d i t i o n min 32 20 30 20 14 22 
Time o f S t i r r i n g 
a t Rxn. Temp. 
min 293 38 118 110 i 4 o 10 6 28 
Time o f S t a n d i n g 
a f t e r F i l t r a t i o n 
min none none none none 65 24o 60 
Temp, o f S t a n d i n g -65 -65 0 ° 
Y i e l d of Crude A c i d g 1 .05 
( 2 1 . 4 ) 
O .851 1.42 
( 5 0 . 3 ) ( 4 1 . 9 ) 
O.O867 O.O85O 
( 3 . 6 2 ) ( 3 . 6 5 ) 
2 . 7 3 
( 5 2 . 2 ) 
0 . 6 2 9 0 . 4 8 3 
( 2 6 . 5 ) ( 2 0 . 4 ) 
1-97 
( 3 7 . 7 ) 
m . p . o f Crude A c i d 94-121° 146-51° 128-46° s e m i - s o l i d 146-51° 148-51° 148-51° 145-50° 
Y i e l d o f V o l a t i l e 
A c i d 
g 
d) 
0 . 3 3 2 
( 6 . 8 0 ) 
O.689 0 . 8 4 0 
( 3 3 - 7 ) ( 2 7 - 5 ) 
0 . 0 3 6 1 O.O599 
( 1 . 5 3 ) ( 2 . 5 6 ) 
m . p . o f A c i d a f t e r 
Vacuum S u b l i m a t i o n 
138-148° 1 5 0 - 2 ° 147-50° 1 5 0 - 1 . 5 ° 
Y i e l d o f Crude Neu­
t r a l P r o d u c t s 
g 
do) 
2 . 9 8 
( 7 5 . 7 ) 
1 .48 1 . 2 1 
( 4 4 . 0 ) 
2 . 2 1 2 . 1 5 3 . 0 8 I . 3 8 O.76 
( 7 2 . 2 ) ( 6 8 . 2 ) 
2 . 8 6 
( 6 7 . 9 ) 
114 
t h i s g r a d u a l l y deepened i n t o a b r o w n i s h - r e d . At t h e end o f t h e r e a c t i o n 
a g r e e n c o l o r began t o a p p e a r ; t h i s c o l o r i s a p p a r e n t l y due t o f o r m a t i o n 
o f t h e r a d i c a l a n i o n of t h e b i p h e n y l g roup ( b i p h e n y l r a d i c a l a n i o n i s r e -
46 
p o r t e d t o be b l u e i n t e t r a h y d r o f u r a n ) . The y i e l d o f 2 - p - b i p h e n y l y l -
e t h y l l i t h i u m d e c r e a s e d w i t h d e c r e a s i n g r e l a t i v e amount of l i t h i u m m e t a l 
u s e d . When t h e p r e p a r a t i o n was c a r r i e d o u t i n t h e same s o l v e n t a t -70° 
u s i n g o n l y 15 p e r c e n t e x c e s s o f l i t h i u m f o r 140 m i n u t e s ( r u n 3)> t h e o r ­
g a n o l i t h i u m compound was o b t a i n e d i n o n l y 3*5 p e r c e n t y i e l d and t h e u n ­
r e a c t e d c h l o r i d e was r e c o v e r e d i n 50 p e r c e n t y i e l d . P r o l o n g e d r e a c t i o n 
t i m e has a l s o been found t o h u r t b o t h t h e y i e l d and t h e p u r i t y o f t h e c a r -
b o x y l i c a c i d formed upon c a r b o n a t i o n ( r u n s 1 and 2 ) . 
I n a d d i t i o n t o t h e p o s s i b i l i t i e s d i s c u s s e d e a r l i e r , t h e r e a r e two 
f u r t h e r s i d e r e a c t i o n s wh ich w i l l a f f e c t t h e y i e l d o f t h e p r e s e n t o r g a n o ­
l i t h i u m compound; t h e f i r s t i s t h e a b s t r a c t i o n o f p r o t o n s from t h e s o l v e n t 
o r some o t h e r s o u r c e , s u c h a s i m p u r i t i e s i n t h e s o l v e n t , by t h e o r g a n o ­
l i t h i u m compound t o g i v e h y d r o c a r b o n ; t h e s e c o n d i s t h e r e d u c t i o n of t h e 
d e s i r e d o r g a n o l i t h i u m compound by e x c e s s m e t a l t o g i v e r a d i c a l a n i o n , e . g . 
P h - < ^ 5 ) - C H 2 C H 2 M E X C e S S M > P h - < g > ^ H 2 C H 2 M 
The f i r s t w i l l c u t down t h e y i e l d o f o r g a n o l i t h i u m compound and t h e s e c o n d 
w i l l r e d u c e b o t h t h e y i e l d and t h e p u r i t y o f t h e d e s i r e d o r g a n o l i t h i u m 
compound. I n c r e a s e s i n t e m p e r a t u r e and r e a c t i o n t i m e w i l l b o t h f a v o r t h e 
f i r s t u n d e s i r e d s i d e r e a c t i o n ; t h e p r e s e n c e o f e x c e s s m e t a l and l o n g r e a c -
(46) P . Ba lk , G. J . H o i j t i n k , and J . W. H. S c h r e u r s , Rec . t r a v . 
chim., 7 6 , 8 l 8 ( 1 9 5 7 ) . 
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t i o n t i m e w i l l h e l p t h e s econd s i d e r e a c t i o n . 
I n o r d e r t o t e s t t h e s t a b i l i t y of 2 - p - b i p h e n y l y l e t h y l l i t h i u m i n 
t e t r a h y d r o f u r a n , t h e s o l u t i o n p r e p a r e d a t -73° was f i l t e r e d t o remove most 
of t h e e x c e s s m e t a l and t h e n a l l o w e d t o s t a n d a t t h a t t e m p e r a t u r e w i t h o u t 
s t i r r i n g f o r two i n t e r v a l s of t i m e (65 and 2^-0 m i n u t e s ) . C a r b o n a t i o n gave 
3 - p - b i p h e n y l y l p r o p a n o i c a c i d i n 26 and 20 p e r c e n t y i e l d s , r e s p e c t i v e l y 
( r u n 5 ) . I n a n o t h e r run ( r u n 6 ) , t h e f i l t e r e d s o l u t i o n of o r g a n o l i t h i u m 
compound was a l l o w e d t o warm t o 0° and t h e n s t a n d a t 0° ± 3° w i t h o u t s t i r ­
r i n g f o r one h o u r b e f o r e c a r b o n a t i o n . T h i s e x p e r i m e n t p r o d u c e d 38 p e r c e n t 
o f c a r b o x y l i c a c i d of which 90 p e r c e n t was v o l a t i l e 3 - P _ - h i p h e n y l y l p r o p a n o i c 
a c i d . Thus 2 - p - b i p h e n y l y l e t h y l l i t h i u m , h a s b e e n s y n t h e s i z e d i n t e t r a h y d r o ­
f u r a n a t -70° u s i n g a l a r g e . e x c e s s ' l i t h i u m m e t a l ' b u t s h o r t i r e a c t i o n t i m e 
and t h i s o r g a n o l i t h i u m compound h a s b e e n found t o be m o d e r a t e l y s t a b l e 
even a t 0° i n t h e a b s e n c e of a l a r g e e x c e s s of m e t a l . 
The s y n t h e s i s of 2 - p - b i p h e n y l y l e t h y l l i t h i u m - 2 , 2 - d ^ i n t e t r a h y d r o ­
f u r a n from t h e r e a c t i o n o f l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , 1 - d ^ w i t h l i t h i u m 
m e t a l i s summarized i n T a b l e Ik. The r e a c t i o n of l - c h l o r o - 2 - p - b i p h e n y l y l -
e t h a n e - 1 , l - d g w i t h l i t h i u m m e t a l i n t e t r a h y d r o f u r a n a t -70° g a v e , upon 
c a r b o n a t i o n , 69 p e r c e n t of a c a r b o x y l i c a c i d . The m e t l i n g p o i n t ( 1 4 6 - 5 0 ° ) 
showed t h a t t h i s a c i d was p o s s i b l y 3 - p - h i p h e n y l y l p r o p a n o i c a c i d - d ^ c o n t a m i ­
n a t e d by t r a c e s o f i m p u r i t i e s s i n c e p u r e 3 - P - h i p h e n y l y l p r o p a n o i c a c i d m e l t s 
a t 1 5 1 ° . The above a c i d i c p r o d u c t was c o n v e r t e d i n t o m e t h y l e s t e r and t h i s 
e s t e r , a f t e r d i s t i l l a t i o n , was a n a l y z e d by nmr. T h i s a n a l y s i s showed t h a t 
i t was p u r e m e t h y l 3 - p - h i p h e n y l y l p r o p a n o a t e - 2 , 2 - d ^ , w i t h i n e x p e r i m e n t a l 
e r r o r (5 p e r c e n t ) . I n a n o t h e r r u n , t h e o r g a n o l i t h i u m compound p r e p a r e d a t 
-68° was f i l t e r e d and t h e n a l l o w e d t o s t a n d a t 0° ± 3° f o r 170 m i n u t e s 
T a b l e l 4 . R e a c t i o n of l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e - 1 , 1 - d w i t h L i t h i u m 
RC1 
L i t h i u m 
TMEDA 
R e a c t i o n T e m p e r a t u r e 
Time o f A d d i t i o n 
Time of S t i r r i n g a t 
RxTTT T e m p e r a t u r e 
Time o f S t a n d i n g a t 
0 + 3 ° 
Y i e l d o f Crude A c i d 
m . p . of Crude Ac id 
Y i e l d of Crude N e u t . 
P r o d u c t s 
VPC of Crude N e u t r a l : 
p - B i p h e n y l y l e t h a n e 
O t h e r V o l a t i l e Com­
pounds 
Run No. 
g 
(mole) 
g 
(g atom) 
g 
(mole) 
min 
min 
(*) 
a r e a % 
1 
5 . 0 1 
( 0 . 0 2 2 1 ) 
2 . 1 7 
( 0 . 3 1 3 ) 
None 
-70° 
17 
16 
None 
3 . 5 1 
( 6 9 . 3 ) 
146-50° 
2 . 4 1 
9 4 . 0 
Th ree 
o t h e r s 
4 . 6 6 
( 0 . 0 2 1 3 ) 
2 . 1 8 
( 0 . 3 1 4 ) 
None 
-68° 
15 
15 
170 min 
2 . 2 2 
( 4 5 . 6 ) 
137-46° 
2 . 5 2 
9 8 . 6 
Two 
o t h e r s 
4 . 5 1 
( 0 . 0 2 0 6 ) 
2 . 2 0 
( 0 . 3 1 7 ) 
None 
-73° 
15 
11 
1 6 . 5 h r s 
0 . 8 4 2 
( 1 7 - 9 ) 
s e m i - s o l i d 
3 . 4 5 
n o t d e t e r ­
mined 
4 
5 .02 
( 0 . 0 2 2 9 ) 
2 . 5 4 
(O.366) 
None 
-71° 
20 
3 
9 h r s 
0 . 9 1 5 
( 1 7 . 5 ) 
s e m i - s o l i d 
3 . 8 3 
96.O 
Four 
o t h e r s 
2 . 0 1 
( 0 . 0 0 9 1 8 ) 
O.96O 
( 0 . 1 3 8 ) 
3 . 9 ^ 
( 0 . 0 3 4 0 ) 
-65° 
25 
10 
1 h r 
0 . 2 7 8 
( 1 3 . 3 ) 
140-50° 
1 .74 
9 7 . 0 
Two 
o t h e r s 
117 
b e f o r e c a r b o n a t i o n . A 46 p e r c e n t y i e l d of c a r b o x y l i c a c i d r e s u l t e d and a 
s m a l l p o r t i o n o f i t was c o n v e r t e d i n t o m e t h y l e s t e r and t h e n p u r i f i e d by 
vacuum s u b l i m a t i o n . The nmr of t h i s e s t e r showed t h a t i t was p r e d o m i n a n t l y 
u n r e a r r a n g e d p r o d u c t , m e t h y l 3 - p - b i p h e n y l y l p r o p a n o a t e - 2 , 2 - d ^ w i t h o u t r e a r ­
r a n g e d e s t e r w i t h i n e x p e r i m e n t a l e r r o r . When t h e f i l t e r e d s o l u t i o n o f a 
s i m i l a r o r g a n o l i t h i u m compound ( r u n 4) was a l l o w e d t o s t a n d a t 0° f o r n i n e 
h o u r s , t h e y i e l d of a c i d i c p r o d u c t d e c r e a s e d t r e m e n d o u s l y ( t o 1 7 - 5 p e r c e n t ) . 
A p o r t i o n of t h i s a c i d i c p r o d u c t was c o n v e r t e d i n t o m e t h y l e s t e r and t h i s 
e s t e r was vacuum s u b l i m e d t w i c e . VPC of t h i s s u b l i m a t e showed t h e p r e s e n c e 
o f f o u r compounds o f which m e t h y l S - p - b i p h e n y l y l p r o p a n o a t e - d ^ c o n s t i t u t e d 
66 p e r c e n t . F u r t h e r p u r i f i c a t i o n by r e c r y s t a l l i z a t i o n gave a sample w h i c h , 
a c c o r d i n g t o t h e nmr s p e c t r u m , was m e t h y l 3 _ 2 - b i p h e n y l y l p r o p a n o a t e - 2 , 2 - d ^ 
w i t h i n e x p e r i m e n t a l e r r o r . The n e u t r a l p r o d u c t was a n a l y z e d by VPC and 
found t o c o n t a i n , i n t h e v o l a t i l e f r a c t i o n , 96 p e r c e n t r e l a t i v e y i e l d o f 
p - b i p h e n y l y l e t h a n e ; a f t e r s u b l i m a t i o n and r e c r y s t a l l i z a t i o n i t gave 52 
p e r c e n t a b s o l u t e y i e l d of p - b i p h e n y l y l e t h a n e . The nmr s p e c t r u m of t h i s 
p u r i f i e d sample showed t h a t i t was 95 p e r c e n t u n r e a r r a n g e d p - b i p h e n y l y l -
e t h a n e - 2 , 2 - d 2 and c a . 5 p e r c e n t of r e a r r a n g e d p - b i p h e n y l y l e t h a n e - 1 , 1 - d ^ . 
I n a n o t h e r r e a c t i o n ( r u n 3)> "the f i l t e r e d o r g a n o l i t h i u m compound p r e p a r e d 
a t -71° was a l l o w e d t o warm t o 0° and s t a n d a t 0° w i t h o u t s t i r r i n g f o r 16 
h o u r s and 30 m i n u t e s b e f o r e c a r b o n a t i o n . T h i s r e a c t i o n gave m a i n l y n e u t r a l 
p r o d u c t ( t h e a c i d i c m a t e r i a l which was o b t a i n e d i n an 18 p e r c e n t o v e r a l l 
y i e l d was found, a c c o r d i n g t o VPC of t h e d i a z o m e t h a n e r e a c t i o n p r o d u c t , t o 
c o n t a i n s i x p a r t s of p - b i p h e n y l y l e t h a n e and one p a r t of m e t h y l e s t e r s ) . 
The n e u t r a l m a t e r i a l was f u r t h e r p u r i f i e d and a n a l y z e d by b o t h VPC and nmr 
and found t o c o n t a i n 93 p e r c e n t u n r e a r r a n g e d h y d r o c a r b o n and c a . 7 p e r c e n t 
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r e a r r a n g e d p r o d u c t . 
An a t t e m p t was made t o e f f e c t t h e r e a r r a n g e m e n t of 2 - p - b i p h e n y l y l -
e t h y l l i t h i u m - 1 , l - d ^ by TMEDA. The r e a c t i o n of l - c h l o r o - 2 - p - b i p h e n y l y l -
e t h a n e - l , l - d w i t h l i t h i u m i n t e t r a h y d r o f u r a n was c a r r i e d o u t a t -65° i n 
t h e p r e s e n c e of c a . f o u r e q u i v a l e n t s o f TMEDA. A f t e r removing most o f t h e 
u n r e a c t e d l i t h i u m , t h e s o l u t i o n was a l l o w e d t o s t a n d a t k° f o r one h o u r 
w i t h o c c a s i o n a l s h a k i n g by hand b e f o r e c a r b o n a t i o n ( r u n 5 ) . The a c i d i c 
p r o d u c t o b t a i n e d i n 13 p e r c e n t y i e l d was c o n v e r t e d i n t o m e t h y l e s t e r and 
t h i s m e t h y l e s t e r was s u b l i m e d t w i c e . The nmr s p e c t r u m of t h i s p u r i f i e d 
m e t h y l e s t e r showed t h a t i t was m a i n l y u n r e a r r a n g e d m e t h y l 3 - p - h i p h e n y l y l -
p r o p a n o a t e - 2 , 2 - d ^ and t h e r e was no r e a r r a n g e d e s t e r w i t h i n e x p e r i m e n t a l 
e r r o r (5 p e r c e n t ) . The c o r r e s p o n d i n g h y d r o c a r b o n , b i p h e n y l y l e t h a n e - d ^ , 
wh ich was o b t a i n e d i n 37 p e r c e n t a b s o l u t e y i e l d (by VPC), was found , a f t e r 
p u r i f i c a t i o n , t o be p r e d o m i n a n t l y u n r e a r r a n g e d p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ 
c o n t a m i n a t e d by l e s s t h a n 7 - 1 p e r c e n t ( i f a t a l l ) o f p - b i p h e n y l y l e t h a n e -
l , l - d 2 . 
Thus b o t h 2 - p - b i p h e n y l y l e t h y l l i t h i u m and 2 - p - b i p h e n y l y l e t h y l l i t h i u m -
1 ,1 -dg a r e p r e p a r e d i n y i e l d s o f o v e r 50 p e r c e n t and found t o be m o d e r a t e l y 
s t a b l e a t -70° and a t 0 ° . P r o l o n g e d s t a n d i n g a t t h e s e t e m p e r a t u r e s ha s 
r e s u l t e d i n t h e p r o t o n a t i o n of p a r t o f t h e o r g a n o l i t h i u m compounds o r i g i ­
n a l l y p r e p a r e d . The d e u t e r i u m - l a b e l e d compound does n o t u n d e r g o r e a r r a n g e ­
ment a t -70° f o r a s h o r t t i m e (30 m i n u t e s ) , and i t does n o t g i v e s i g n i f i ­
c a n t amount of r e a r r a n g e m e n t even a t 0° f o r a l o n g t i m e (16 h o u r s and 30 
m i n u t e s ) . TMEDA has f a i l e d t o a c c e l e r a t e t h e r e a r r a n g e m e n t o f t h e 
d e u t e r i u m - l a b e l e d o r g a n o l i t h i u m compound u n d e r t h e c o n d i t i o n s i n v e s t i g a t e d . 
17 
Wentwor th ha s found t h a t 2 - m - b i p h e n y l y l - 2 , 2 - b i s ( p - b i p h e n y l y l ) 
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e t h y l l i t h i u m u n d e r g o e s t h e f o l l o w i n g r e a r r a n g e m e n t c o m p l e t e l y a t 0° i n 
f o u r h o u r s . 
Comparing t h e p r e s e n t c a s e w i t h h i s r e a r r a n g e m e n t , one would assume t h a t 
t h e f o l l o w i n g r e a c t i o n m i g h t t a k e p l a c e : 
The d i f f e r e n c e s i n t h e t r a n s i t i o n s t a t e s ( o r i n t e r m e d i a t e s ) i n t h e s e two 
c a s e s a r e t h e s u b s t i t u e n t s on one c a r b o n of t h e c y c l o p r o p y l r i n g . The n o -
bond r e s o n a n c e s t r u c t u r e c o n t r i b u t e s some t o t h e t r a n s i t i o n s t a t e ( B ) and 
hence l o w e r s t h e a c t i v a t i o n e n e r g y o f h i s c a s e , b u t t h e same k i n d o f i n ­
f l u e n c e i s n o t a v a i l a b l e i n t h e p r e s e n t c a s e ( E ) . F u r t h e r m o r e r e l i e f of 
s t e r i c s t r a i n may f a v o r W e n t w o r t h ' s r e a r r a n g e m e n t . 
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R e a c t i o n s of l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e and l - C h l o r o - 2 - p -
b i p h e n y l y l e t h a n e - l j l - d g w i t h Cesium, P o t a s s i u m , and Cs-K-Na A l l o y 
The r e a c t i o n s o f l - c h l o r o - 2 - p - b i p h e n y l y l e t h a n e w i t h ces ium and 
Cs-K-Na a l l o y , and p o t a s s i u m a r e summarized i n T a b l e s 15 and l 6 , r e s p e c ­
t i v e l y . The c o r r e s p o n d i n g r e a c t i o n s of t h e d e u t e r i u m - l a b e l e d h a l i d e a r e 
p r e s e n t e d i n T a b l e s 17 and 1 8 , r e s p e c t i v e l y . 
The r e a c t i o n s of t h e p r o t i u m compound were r u n f o r t h e p u r p o s e of 
f i n d i n g t h e optimum c o n d i t i o n s f o r t h e s t u d y of t h e r e a r r a n g e m e n t of t h e 
c o r r e s p o n d i n g d e u t e r i u m compound. From t h r e e r u n s w i t h t h e Cs-K-Na a l l o y 
( r u n s 1-3 i n T a b l e 15) i n t e t r a h y d r o f u r a n a t -70 ± 8 ° , i t was r e v e a l e d 
t h a t t h e r a t e of a d d i t i o n of t h e h a l i d e a f f e c t e d t h e y i e l d of t h e no rma l 
m o l e c u l a r w e i g h t p r o d u c t s and t h e optimum c o n d i t i o n was t h e s low a d d i t i o n 
of t h e h a l i d e d r o p w i s e o v e r a p e r i o d of 37 m i n u t e s t o t h e s o l u t i o n of 
f i n e l y d i v i d e d m e t a l i n t h e s o l v e n t . Under t h e s e c o n d i t i o n s , p - b i p h e n y l y l ­
e t h a n e was o b t a i n e d i n 30 p e r c e n t y i e l d . The r e a c t i o n of t h e same h a l i d e 
w i t h ce s ium a t 65° gave l 8 p e r c e n t y i e l d of p - b i p h e n y l y l e t h a n e ( r u n b i n 
T a b l e 1 5 ) . S i n c e p - b i p h e n y l y l e t h a n e was o b t a i n e d i n a p p r o x i m a t e l y 0 . 3 g 
o r l e s s , t h e p r e s e n c e of any i m p u r i t y s u c h a s N u j o l , which was u s e d t o 
s t o r e p o t a s s i u m , o r l u b r i c a t i n g o i l , wh ich m i g h t have b e e n washed down 
from t h e b e a r i n g o f t h e s t i r r e r by t h e s o l v e n t , would c o m p l i c a t e b o t h t h e 
p u r i f i c a t i o n and t h e nmr i d e n t i f i c a t i o n of h y d r o c a r b o n s of v o l a t i l e p r o d ­
u c t s h a v i n g a m e l t i n g p o i n t of 3 2 ° . T h i s d i f f i c u l t y was e n c o u n t e r e d i n 
a l l of t h e ce s ium, p o t a s s i u m ( d i s c u s s e d b e l o w ) , and ces ium a l l o y r e a c t i o n s . 
The a c i d i c p r o d u c t s from t h e ce s ium a l l o y r e a c t i o n s were m a i n l y h i g h m e l t ­
i n g compounds c o n t a i n i n g l e s s t h a n k p e r c e n t o f any s i n g l e a c i d of no rma l 
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T a b l e 1 5 . R e a c t i o n o f l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
w i t h Cesium and Cs-K-Na A l l o y 
Run No. 
RC1 
Cs-K-Na 
Cs 
g O.967 1 . 0 1 1 .02 
(mole) ( 0 . 0 0 4 4 6 ) ( 0 . 0 0 4 6 6 ) ( 0 . 0 0 4 7 1 ) 
g a tom 0 . 9 2 1 
g 
(g atom) 
R e a c t i o n Temp. 
Time o f a d d i t i o n min 
Time of s t i r r i n g min 
C o o l i n g t o Room min 
Temp. 
Y i e l d o f Crude A c i d g 
Y i e l d o f ArCH0CH CO H g 
(by VPC) d d d 
Y i e l d o f T o t a l V o l a - g 
t i l e Ac ids (by VPC) 
Y i e l d of Crude g 
N e u t r a l P r o d u c t s 
Y i e l d o f V o l a t i l e g 
Hydroca rbons 
VPC of Crude N e u t r a l P r o d u c t s : 
ArCH 2 CH 3 
ArCH=CH2 
Low M. W. Compound(s) 
U n r e a c t e d RC1 
- 7 8 ' 
3 
3 
0 . 9 3 1 
-67° 
1 
n o t done n o t done 
0 . 6 7 9 1 .13 
0 .0136 0 . 0 0 1 8 
0 . 0 2 7 2 0 . 2 5 0 
O.89 0 . 4 5 
0 . 0 1 1 3 
-63° 
37 
5 
n o t done 
O.382 
0 .00334 
0 .00886 
1 .10 
0 . 0 5 9 1 n o t done O.353 
0 .000327g 0 . 2 7 8 g 
none 
none 
n o t d e t e r ­
mined 
0 .00273g 
none 
none 
none 
none 
2 . 4 6 
( 0 . 0 1 1 4 ) 
3 . 4 7 
( 0 . 0 2 6 1 ) 
65° 
20 
5 
10 
n o t worked 
up 
1 .38 
0 . 3 4 2 
0.369* 
( 1 7 . 8 * ) 
none 
4.- to 
none 
R e l a t i v e y i e l d s 
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T a b l e l 6 . R e a c t i o n o f l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e 
w i t h P o t a s s i u m 
RC1 g 
(mole) 
1 .20 
( 0 . 0 0 5 5 3 ) 
0 . 8 4 7 
( 0 . 0 0 3 9 1 ) 
P o t a s s i u m g 
(g atom) 
0 . 4 7 8 
( 0 . 0 1 2 3 ) 
0 . 4 5 5 
( 0 . 0 1 1 6 ) 
tBuOH g 
(mole) 
none 0 . 9 4 5 
( 0 . 0 1 2 7 ) 
R e a c t i o n T e m p e r a t u r e 65° 65° 
Time o f A d d i t i o n min 8 VJI
 
C o o l i n g t o Room Temp. min 10 10 
Y i e l d of Crude A c i d g 0.39*+ 0 . 1 4 3 
Y i e l d o f Crude N e u t r a l 
P r o d u c t 
g 1 .22 1 .14 
Yield, o f V o l a t i l e 
N e u t r a l P r o d u c t 
g 0 . 5 5 4 0 . 5 5 0 
M.P. of V o l a t i l e o i l 59-77° 
N e u t r a l 
VPC o n l y A 3>% A : 6 2 . 3 $ B : 27$ C 
NOTE: A i s ArCHgCH^, B i s ArCH=CH2, and C i s an unknown compound of 
r e l a t i v e r e t e n t i o n t i m e O.76 ( b a s e d on A a s s t a n d a r d ) . 
T a b l e 1 7 . R e a c t i o n of l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , l - d 2 w i t h Cesium and Cs-K-Na A l l o y 
Run No. 
3 4 
RC1 
Cs-K-Na 
Cs 
R e a c t i o n T e m p e r a t u r e 
Time o f A d d i t i o n 
Time o f S t i r r i n g 
C o o l i n g t o Room Temp. 
Y i e l d o f Crude Ac id 
Y i e l d of ArCR^CD^COJVIe 
2^ ^2 
Y i e l d o f T o t a l V o l a t i l e 
E s t e r s 
Y i e l d o f Crude N e u t r a l 
P r o d u c t s 
(mole) 
(g atom) 
mm 
min 
min 
g 
g 
g Y i e l d of V o l a t i l e 
H y d r o c a r b o n ( s ) 
VPC of Crude N e u t r a l P r o d u c t s : 
E t h y l b i p h e n y l - d r 
V i n y l b i p h e n y l - & r 
d) 
g 
do) 
0 . 9 8 1 
( 0 . 0 0 4 4 8 ) 
( 0 . 0 1 0 7 ) 
-66° 
4o 
5 
none 
0 . 2 0 2 
0 . 0 0 1 1 9 
0 .0090S 
1 .33 
0 . 2 6 1 
0 . 2 3 0 
( 2 7 . 8 ) 
0 . 0 2 3 8 
( 2 . 9 1 ) 
0 . 9 5 4 
( 0 . 0 0 4 3 6 ) 
0 . 8 2 7 
( 0 . 0 1 0 5 ) 
-65° 
30 
5 
none 
0 . 1 0 7 
no VPC 
a n a l y s i s 
of e s t e r s 
1 .10 
0 . 2 5 4 
0 . 1 6 7 
( 2 0 . 8 ) 
0 .0295 
( 3 . 7 1 ) 
1-53 
( 0 . 0 0 6 9 9 ) 
1 .67 
( 0 . 0 2 1 5 ) 
-65° 
30 
5 
none 
0 . 9 5 2 
none 
0 . 0 1 5 3 
0 . 8 0 5 
0 . 2 9 1 
0 . 3 1 7 
( 2 4 . 6 ) 
none 
1 .29 
(O.OO589) 
2 . 3 5 
( 0 . 0 1 7 7 ) 
36 + 2° 
15 
1 
none 
1 .17 
0 . 0 0 6 l 4 
0 . 1 6 4 
0 . 3 2 9 
O.0698 
0 . 0 6 0 1 
none 
2 . 8 9 
( 0 . 0 1 3 2 ) 
4 . 0 8 
( 0 . 0 3 0 7 ) 
65° 
31 
10 
10 
I . 6 5 
none 
0 . 1 9 4 
1.42 
0 . 5 9 0 
0 . 4 7 0 
( 1 9 . 4 ) 
none 
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T a b l e l 8 . R e a c t i o n of l - C h l o r o - 2 - p - b i p h e n y l y l e t h a n e - l , 1 - d , 
w i t h P o t a s s i u m 
Run No. 
1 2 3 
RC1 g 
(mole) 
1 .14 
( 0 . 0 0 5 2 ) 
0 . 6 1 6 
( 0 . 0 0 2 8 1 ) 
1 . 5 1 
(O.OO689) 
P o t a s s i u m g 
(g atom) 
0 . 4 4 9 
( 0 . 0 1 1 5 ) 
0 . 4 1 1 
( 0 . 0 1 0 5 ) 
0 . 7 5 0 
( 0 . 0 1 9 2 ) 
t-BuOD g 
(mole) 
none 1 .59 
( 0 . 0 2 1 2 ) 
1 .60 
( 0 . 0 2 1 ) 
R e a c t i o n T e m p e r a t u r e 65° 65° 65° 
Time of A d d i t i o n min 5 immedi-
a t e l y 
15 
Time o f S t i r r i n g min 5 5 5 
C o o l i n g t o Room Temp. min 10 none 5 
Y i e l d of Crude Ac id g 0 . 3 4 no work -up 0 . 0 4 8 
Y i e l d o f Crude N e u t r a l g 1.16 0 . 8 6 0 i . 4 o 
VPC of Crude N e u t r a l o n l y A 6 . 2 $ A, 
7 9 . 2 $ B, 
1 1 . 9 $ C, 
2 . 0 $ of 
t h r e e 
o t h e r s 
3 9 . 1 $ A 
5 2 . 9 $ B 
8 . 0 $ C 
NOTE: A i s ArCH^CB^H, o r ArCD2CR"3, ArCHgCBy ArCD^CHgD, e t c . 
B i s ArCH=CD2 
C i s unknown of r e l a t i v e r e t e n t i o n t i m e 0 . 7 5 
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m o l e c u l a r w e i g h t and 3 - p - h i p h e n y l y l p r o p a n o i c a c i d was o b t a i n e d i n l e s s 
t h a n 1 .3 p e r c e n t a b s o l u t e y i e l d . The r e a c t i o n of p o t a s s i u m w i t h t h e p r o -
t i u m compound i n r e f l u x i n g t e t r a h y d r o f r u a n gave m a i n l y n e u t r a l p r o d u c t 
which c o n t a i n e d ko p e r c e n t o f v o l a t i l e m a t e r i a l ( r u n 1 i n T a b l e 1 6 ) . VPC 
showed t h a t t h i s v o l a t i l e p r o d u c t was m a i n l y p - b i p h e n y l y l e t h a n e . However, 
t h e nmr s p e c t r u m of a s u b l i m a t e i n d i c a t e d t h a t t h e p _ - b i p h e n y l y l e t h a n e i s o ­
l a t e d was c o n t a m i n a t e d by t h e i m p u r i t i e s m e n t i o n e d a b o v e . The a c i d i c p r o d ­
u c t from t h i s p o t a s s i u m r e a c t i o n was c o n v e r t e d i n t o m e t h y l e s t e r and VPC 
of t h i s m e t h y l e s t e r y i e l d e d 4 . 9 p e r c e n t ( a b s o l u t e y i e l d ) o f a compound, 
wh ich a f t e r p u r i f i c a t i o n was a n a l y z e d by nmr and found t o be m e t h y l 2 - p -
b i p h e n y l y l p r o p a n o a t e c o n t a m i n a t e d by i m p u r i t i e s p o s s i b l y from t h e l u b r i c a n t 
of t h e b e a r i n g . The r e a c t i o n o f p o t a s s i u m w i t h a m i x t u r e of t h e same 
c h l o r i d e and t-BuOH g a v e , upon c a r b o n a t i o n , m a i n l y n e u t r a l m a t e r i a l , wh ich 
a f t e r t h r e e s u b l i m a t i o n s y i e l d e d 70 p e r c e n t ( a b s o l u t e y i e l d ) o f a c r y s t a l ­
l i n e m a t e r i a l . T h i s c r y s t a l l i n e p r o d u c t was found by VPC t o c o n t a i n 35 
p e r c e n t p - b i p h e n y l y l e t h a n e , 6 2 . 3 p e r c e n t p - b i p h e n y l y l e t h e n e , and 2 - 7 p e r ­
c e n t ( a l l r e l a t i v e y i e l d s ) o f an unknown compound of r e l a t i v e r e t e n t i o n 
t i m e O.76 ( b a s e d on p - b i p h e n y l y l e t h a n e a s s t a n d a r d ) . One r e c r y s t a l l i z a t i o n 
from e t h a n o l gave a c r y s t a l l i n e m a t e r i a l c o n t a i n i n g 85 p e r c e n t of t h e o l e ­
f i n and 15 p e r c e n t o f p _ - b i p h e n y l y l e t h a n e . 
The r e a c t i o n of l - c h l o r o - 2 - p _ - b i p h e n y l y l e t h a n e - l , 1 - d ^ w i t h s l i g h t 
e x c e s s o f Cs-K-Na a l l o y i n t e t r a h y d r o f u r a n a t -65° ( r u n s 1 and 2 i n T a b l e 
17) g a v e , upon c a r b o n a t i o n , m a i n l y n e u t r a l m a t e r i a l wh ich y i e l d e d 2 . 8 p e r ­
c e n t o f j j - b i p h e n y l y l e t h a n e - d ^ and 3*0 p e r c e n t o f p - b i p h e n y l y l e t h e n e a l o n g 
w i t h 10 p e r c e n t u n r e a c t e d c h l o r i d e ( a l l i n a b s o l u t e y i e l d s ) . The p u r i f i c a ­
t i o n and a n a l y s i s of p - b i p h e n y l y l e t h a n e - d i n o r d e r t o d e t e r m i n e t h e e x t e n t 
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o f r e a r r a n g e m e n t f a i l e d b e c a u s e o f t h e i n c o m p l e t i o n o f t h e r e a c t i o n and 
t h e p r e s e n c e of i m p u r i t i e s e s p e c i a l l y l u b r i c a t i n g o i l wh ich i n t e r f e r e d i n 
t h e m e t h y l g r o u p r e g i o n of t h e nmr s p e c t r u m of t h e h y d r o c a r b o n s . I n 
a n o t h e r r u n ( r u n 3)> t h e c h l o r i d e was r e a c t e d w i t h a t h o r o u g h l y washed 
a l l o y i n t e t r a h y d r o f u r a n a t -65° by a d d i n g a t e t r a h y d r o f u r a n s o l u t i o n of 
t h e c h l o r i d e t o a b l u e s o l u t i o n o f ce s ium a l l o y i n t e t r a h y d r o f u r a n . Then 
t h e r e s u l t i n g b l a c k - b r o w n s o l u t i o n was s t i r r e d a t t h a t t e m p e r a t u r e f o r 
f i v e m i n u t e s and f i n a l l y c a r b o n a t e d . T h i s r e a c t i o n y i e l d e d a p p r o x i m a t e l y 
a 1 :1 m i x t u r e of a c i d i c and n e u t r a l p r o d u c t s . The v o l a t i l e m e t h y l e s t e r s 
o f t h e a c i d i c m a t e r i a l were found t o g i v e l e s s t h a n 1 p e r c e n t o v e r a l l 
y i e l d o f s i x compounds, none o f which was i d e n t i f i e d a s 3 - P - h i p h e n y l y l -
p r o p a n o i c a c i d by VPC of t h e i r m e t h y l e s t e r s . The n e u t r a l p r o d u c t 
y i e l d e d , a c c o r d i n g t o VPC, 25 p e r c e n t ( a b s o l u t e y i e l d ) o f p - b i p h e n y l y l ­
e t h a n e -d^ a s t h e o n l y v o l a t i l e h y d r o c a r b o n . A f t e r p u r i f i c a t i o n t h i s h y d r o ­
c a r b o n was a n a l y z e d by nmr and found t o c o n t a i n 77*7 p e r c e n t o f p - b i p h e n y l y l -
e t h a n e - 2 , 2 - d ^ ( l ) and 2 2 . 3 p e r c e n t of p - b i p h e n y l y l e t h a n e - 1 , 1 - d ^ ( I I ) . 
The same c h l o r i d e r e a c t e d w i t h ces ium m e t a l i n r e f l u x i n g t e t r a h y d r o ­
f u r a n t o g i v e , upon c a r b o n a t i o n , a g a i n a p p r o x i m a t e l y a 1 :1 r a t i o of a c i d i c 
and n e u t r a l p r o d u c t s . The n e u t r a l p r o d u c t was found t o y i e l d 19 p e r c e n t 
( a b s o l u t e y i e l d ) o f p - b i p h e n y l y l e t h a n e - d ^ t o g e t h e r w i t h some 5 p e r c e n t of 
an i m p u r i t y of l o w e r r e t e n t i o n t i m e which was i d e n t i f i e d a s p - b i p h e n y l y l -
methane by VPC. j D - B i p h e n y l y l e t h a n e - d ^ was p u r i f i e d and t h e n a n a l y z e d by 
nmr and found t o c o n t a i n 4 7 . 9 p e r c e n t o f p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ ( i ) and 
5 2 . 1 p e r c e n t o f p - b i p h e n y l y l e t h a n e - 1 , 1 - d ^ ( i i ) . A mass s p e c t r u m o f t h i s 
sample showed 94 p e r c e n t d^, 3-6 p e r c e n t d^, and 2 . 4 p e r c e n t d^ compounds. 
Thus i t was m a i n l y ( i ) and ( i i ) . The d and d compounds were p o s s i b l y 
127 
p-PhC^H^CD 2CH 2D o r p - P h C ^ C h ^ C D ^ and p - P h C ^ C H D C H ^ r e s p e c t i v e l y . The 
f o r m a t i o n of t h e d^ and d^ compounds may be e x p l a i n e d by t h e f o l l o w i n g 
r e a c t i o n s : 
ArCH 2CD 2 
ArCD2CR"3 > ArCH 2CD 3 + ArCDCH^ 
H + 
->ArCHDCH3 
ArCDpCHp 
> ArCD 2CH 2D + ArCDCH^ 
H + 
•^ArCHDCH^ 
ArCD 2CH 3 ° S > ArCDCH3 H > ArCDHCH^ 
The s t a r t i n g c h l o r i d e was found t o be a t l e a s t 99 p e r c e n t p u r e i n 1 - c h l o r o -
2 - p - b i p h e n y l y l e t h a n e - d 2 by mass s p e c t r o s c o p i c a n a l y s i s . The a c i d i c p r o d u c t 
was c o n v e r t e d i n t o m e t h y l e s t e r s and t h e n a n a l y z e d by VPC t o y i e l d 6 . 0 p e r ­
c e n t ( a b s o l u t e y i e l d ) o f an e s t e r ( i d e n t i f i e d by nmr a s m e t h y l 2 - p - b i -
p h e n y l y l p r o p a n o a t e - 3 , 3 ~ d 2 o f r e l a t i v e r e t e n t i o n t i m e 0 . 7 5 ) a l o n g w i t h some 
0 . 1 5 p e r c e n t of an i m p u r i t y of s h o r t e r r e t e n t i o n t i m e . 
An a t t e m p t t o r e a c t t h e same c h l o r i d e w i t h ce s ium a t 36° r e s u l t e d 
i n t h e f o r m a t i o n of low a b s o l u t e y i e l d s o f v o l a t i l e p r o d u c t s ( c a . 6 p e r c e n t 
P _ - b i p h e n y l y l e t h a n e - d 2 and ik p e r c e n t v o l a t i l e a c i d s which c o n t a i n e d l e s s 
t h a n 6 p e r c e n t of 3 - p _ - h i p h e n y l y l p r o p a n o i c a c i d ) , wh ich made t h e p u r i f i c a ­
t i o n and f u r t h e r i d e n t i f i c a t i o n o f t h e p r o d u c t s c o m p l i c a t e d . 
The r e a c t i o n of t h i s d e u t e r i u m - l a b e l e d c h l o r i d e w i t h p o t a s s i u m i n 
r e f l u x i n g t e t r a h y d r o f u r a n ( r u n 1 i n T a b l e l 8 ) gave upon c a r b o n a t i o n m a i n l y 
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n e u t r a l m a t e r i a l . T h i s n e u t r a l p r o d u c t y i e l d e d , a f t e r one s u b l i m a t i o n , 
s e c o n d t i m e , r e c r y s t a l l i z e d , and t h e n a n a l y z e d by nmr and found t o c o n t a i n 
47*1 p e r c e n t of p - b i p h e n y l y l e t h a n e - 2 , 2 - d ^ ( i ) and 5 2 - 9 p e r c e n t of p - b i ­
p h e n y l y l e t h a n e - 1 , l - d 2 ( i i ) . 
A b l a n k t e s t ha s shown t h a t , u n d e r t h e c o n d i t i o n s of p o t a s s i u m and 
ces ium r e a c t i o n s , 1 - c h l o r o - 2 -p_-b i p h e n y l y l e t h a n e - 1 , l - d ^ i t s e l f does n o t 
u n d e r g o r e a r r a n g e m e n t . Thus , c o n t r a r y t o t h e l i t h i u m compound, b o t h 2 - p -
b i p h e n y l y l e t h y l c e s i u m a n d / o r 2 - p - b i p h e n y l y l e t h y l p o t a s s i u m u n d e r g o p a r t i a l 
( c a . 4-5 p e r c e n t ) r e a r r a n g e m e n t b e f o r e p r o t o n a t i o n i n t e t r a h y d r o f u r a n a t 
- 6 5 ° ; b o t h ces ium and po ta s s ium^compounds u n d e r g o c o m p l e t e r e a r r a n g e m e n t i n 
r e f l u x i n g t e t r a h y d r o f u r a n . The s l i g h t e x c e s s of ( i i ) o v e r ( i ) i n t h e p r o d ­
u c t d i s t r i b u t i o n i s a p p a r e n t l y due t o an i s o t o p e e f f e c t which makes ( i ) 
p r e f e r e n t i a l l y m a t a l a t e d on t h e o - c a r b o n by e x c e s s m e t a l . 
6 l p e r c e n t a b s o l u t e y i e l d of * p _ - b i p h e n y l y l e t h a n e - d which was s u b l i m e d a 
P h - ^ 0 ^ ) - C H 2 C D 2 C l + M — P h -
P h -
M 
M 
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E f f o r t s were made t o t r a p 2 - p - b i p h e n y l y l e t h y l - d 2 a n i o n b e f o r e r e ­
a r r a n g e m e n t by r e a c t i n g a m i x t u r e of t h e c h l o r i d e and t-BuOD w i t h p o t a s s i u m 
i n r e f l u x i n g t e t r a h y d r o f u r a n . I n t h e f i r s t r u n , p o t a s s i u m a f t e r s t i r r i n g 
i n t e t r a h y d r o f u r a n , was a l l o w e d t o a g g l o m e r a t e and t h e n r e a c t e d w i t h t h e 
m i x t u r e o f t h e c h l o r i d e and t-BuOD. T h i s r e a c t i o n r e s u l t e d i n t h e f o r m a ­
t i o n o f a m i x t u r e c o n t a i n i n g 79 p e r c e n t p - b i p h e n y l y l e t h e n e - d ^ and 6 p e r c e n t 
p _ - b i p h e n y l y l e t h a n e - d g and f o u r unknown p r o d u c t s . The d e t e r m i n a t i o n o f t h e 
amount of r e a r r a n g e m e n t by t h e a n a l y s i s of p - b i p h e n y l y l e t h a n e w a s u n s u c ­
c e s s f u l b e c a u s e of i t s low c o n t e n t i n t h e m i x t u r e ; however , t h e c o r r e s ­
p o n d i n g o l e f i n was found t o c o n t a i n no s i g n i f i c a n t amount of r e a r r a n g e m e n t 
(nmr a n a l y s i s ) . The r e a c t i o n was r e p e a t e d by a d d i n g a m i x t u r e o f t h e c h l o ­
r i d e and t-BuOD d r o p w i s e t o a s o l u t i o n o f p o t a s s i u m i n r e f l u x i n g t e t r a ­
h y d r o f u r a n u n d e r v i g o r o u s s t i r r i n g . Upon c a r b o n a t i o n , t h e r e was o b t a i n e d 
a m i x t u r e c o n t a i n i n g 39*1 p e r c e n t p - b i p h e n y l y l e t h a n e (A) , 5 2 . 9 p e r c e n t of 
p - b i p h e n y l y l e t h e n e ( B ) , t o g e t h e r w i t h some 8 . 0 p e r c e n t of a s h o r t e r r e t e n ­
t i o n t i m e compound ( C ) . A f t e r s u b l i m a t i o n and r e c r y s t a l l i z a t i o n , a f r a c ­
t i o n wh ich c o n t a i n e d o n l y ( A ) and ( B ) i n a r a t i o of 1 .07 : 1 .00 was a n a l y z e d 
by b o t h nmr and mass s p e c t r o m e t e r . The nmr s p e c t r u m i n d i c a t e d a r a t i o 
( 5 . 2 ) of m e t h y l e n e p r o t o n s t o m e t h y l p r o t o n s . The mass s p e c t r u m [mass 
( a b u n d a n c e ) : 184 ( 1 5 . 9 p e r c e n t ) , 185 ( 4 9 . 8 p e r c e n t ) , 186 ( 2 9 . 1 p e r c e n t ) , 
187 ( 4 . 2 p e r c e n t ) , and 188 ( 1 . 0 p e r c e n t ) ] i n d i c a t e d t h a t t h e compound (A) 
c o n t a i n s n o t o n l y d compounds b u t a l s o d 0 , d, , and d_ compounds. The 
3 2 M- p 
m a s s , a b u n d a n c e , p o s s i b l e compounds, and t h e i r d e s i g n a t i o n s a r e g i v e n i n 
T a b l e 1 9 . 
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T a b l e 1 9 . The Mass , Abundance ( a f t e r c o r r e c t i o n f o r C - 1 3 ) , 
P o s s i b l e Compounds, and D e s i g n a t i o n of t h e S a t u ­
r a t e d Hydroca rbon P r o d u c t s 
Mass Abundance 
1 
P o s s i b l e Compound 
( d e s i g n a t i o n ) 
184 1 5 . 9 ArCH 2 CD 2 H(E 1 ) , A r C D ^ H ^ E g ) , ArCHDCH^E^) 
185 4 9 . 8 A r C H 2 C D 3 ( A 1 ) , ArCD 2 CH 2 D(A 2 ) , ArCHDCD^A^) 
186 2 9 . I ArCHDCD 3 (B 1 ) , ArCD 2 CHD 2 (B 2 ) 
187 4 . 2 ArCD 2 CD 3 (C) 
188 1 .0 C 1 2 HgDCD 2 CD 3 (D) 
I n T a b l e 1 9 , E^, A-^, A 3 , B^, B 2 , C, and D c o r r e s p o n d t o u n r e a r r a n g e d 
s k e l e t o n , and E 2 and A 2 c o r r e s p o n d t o r e a r r a n g e d s k e l e t o n . The s o u r c e s o f • 
t h e compounds l i s t e d i n T a b l e l ^ ; a r e summarized i n t h e f o l l o w i n g e q u a t i o n s : 
t-BuOD 
ArCH 2 CD 2 Cl + K ~ T R F 
t-BuOD , . 
ArCH 2CD 2 > ArCH 2 CD 3 (A 1 ) 
Ar 
ArCD 2CH 2 
H' ^ ArCH 2 CD 2 H(E 1 ) 
t-BuOD 
ArCD 2 CH 2 D(A 2 ) 
ArCD 2 CH 3 (E 2 ) 
2D ArCH=CD2 — A r C H D C D 3 ( B 1 ) 
H+D r A ^ H 2 C D 3 ( A 1 ) 
2H 
ArCHDCD 2H(A 3) 
ArCH 2 CD 2 H(E 1 ) (un impor ­
t a n t ) 
1 3 1 
( E x ) D e X C h a " g e > ArCHDCD 2H(A 3) D e X C h a n g e a ArCD 2 CD 2 H(B 2 ) 
( A L ) D 6 X C h a ^ e > ArCHDCD 3(B 1) D e * c h a " g e > A r C a ^ C ) 
(E^) c o u l d p o s s i b l y form from p r o t o n exchange of ( A ^ ) , s i n c e i s 
s m a l l , (E^) i s even s m a l l e r and f o r a f i r s t a p p r o x i m a t i o n , (E^) can be n e ­
g l e c t e d . 
From t h e c a l c u l a t i o n g i v e n i n Appendix C, i t was found , a c c o r d i n g 
t o nmr and mass s p e c t r a , t h a t t h e r e a c t i o n of l - c h l o r o - 2 - p - b i p h e n y l y l -
e t h a n e - l , l - d w i t h p o t a s s i u m and t-BuOD i n r e f l u x i n g t e t r a h y d r o f u r a n gave 
b e s i d e s o l e f i n , some 39 p e r c e n t o f s a t u r a t e d h y d r o c a r b o n s . One h a l f o f 
t h e s e s a t u r a t e d h y d r o c a r b o n s were d^ compounds c o n t a i n i n g m a i n l y (> 90 p e r ­
c e n t ) u n r e a r r a n g e d compound wh ich formed p r e d o m i n a n t l y (> 90 p e r c e n t ) from 
t h e c a r b a n i o n , 2 - p - b i p h e n y l y l e t h y l p o t a s s i u m , w i t h t-BuOD ( t h e r e d u c t i o n o f 
o l e f i n i s i n s i g n i f i c a n t ) . The accompan ied d^ compounds p r e s u m a b l y r e s u l t e d 
from t h e p r o t o n a t i o n o f t h e c o r r e s p o n d i n g c a r b a n i o n s by t e t r a h y d r o f u r a n o r 
o t h e r p r o t o n s o u r c e . The p r e s e n c e o f b o t h d^ and d,_ compounds i n s i g n i f i ­
c a n t p r o p o r t i o n s s t r o n g l y s u g g e s t e d t h a t d e u t e r i u m exchange t o o k p l a c e a t 
a - c a r b o n s o f t h e s a t u r a t e d h y d r o c a r b o n p r o d u c t s . The o l e f i n was found t o 
be p r e d o m i n a n t l y ArCH=CD2 by nmr and mass s p e c t r a l a n a l y s e s . 
I n summary, i t i s c o n c l u d e d t h a t t h e r e a c t i o n o f l - c h l o r o - 2 - p - b i -
p h e n y l - 1 , l - d g w i t h b o t h ce s ium and p o t a s s i u m i n r e f l u x i n g t e t r a h y d r o f u r a n 
g i v e s f i r s t a c a r b a n i o n wh ich u n d e r g o e s r e a r r a n g e m e n t , c o n c e i v a b l y t h r o u g h 
a b r i d g e d t r a n s i t i o n s t a t e ( o r i n t e r m e d i a t e ) , t o y i e l d a 1 :1 e q u i l i b r i u m 
m i x t u r e o f b o t h r e a r r a n g e d and u n r e a r r a n g e d c a r b a n i o n s . These c a r b a n i o n s 
a r e s h o r t - l i v e d u n d e r r e a c t i o n c o n d i t i o n s b e c a u s e o f f a s t p r o t o n a t i o n by 
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t h e s o l v e n t . I f t h e s o l v e n t c o n t a i n s t - b u t y l a l c o h o l most o f t h e c a r ­
b a n i o n s a r e p r o t o n a t e d b e f o r e r e a r r a n g e m e n t can o c c u r . I f t h e r e a c t i o n i s 
r u n a t -65° w i t h a t e r n a r y Cs-K-Na a l l o y , o n l y kk p e r c e n t r e a r r a n g e m e n t 
o c c u r s b e f o r e p r o t o n a t i o n by s o l v e n t . On t h e c o n t r a r y , t h e c o r r e s p o n d i n g 
o r g a n o l i t h i u m compound does n o t u n d e r g o r e a r r a n g e m e n t t o any s i g n i f i c a n t 
e x t e n t . T h i s d i f f e r e n c e c o u l d p o s s i b l y be due t o t h e f a c t t h a t t h e o r g a n o -
ce s ium and - p o t a s s i u m compounds e x i s t a s f a i r l y l o o s e i o n p a i r s w h i l e t h e 
l i t h i u m compound e x i s t s a s an i n t i m a t e l y bound t e t r a m e r , e a c h 2 - p - b i -
p h e n y l y l e t h y l g r o u p b e i n g t i g h t l y bound t o t h r e e l i t h i u m a t o m s . 
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CHAPTER VI 
RECOMMENDATIONS 
The s y n t h e s i s of s i m p l e p r i m a r y c a r b a n i o n s h a s n o t b e e n e x t e n s i v e l y 
s t u d i e d i n t h e s o l v e n t t r i m e t h y l a m i n e ; t h i s may p r o v e t o be a good s o l v e n t 
i f m a n i p u l a t e d w i t h s p e c i a l c a r e . The s u c c e s s i n t h e s y n t h e s e s of | 3 - a r y l -
e t h y l l i t h i u m compounds w i t h two |3-hydrogens may s e r v e a s a p i o n e e r i n t h e 
s t u d i e s o f r e a r r a n g e m e n t s of a n a l o g o u s s y s t e m s l i k e r i n g s u b s t i t u t e d |3-
a r y l e t h y l l i t h i u m . I t would a l s o be i n t e r e s t i n g t o e x t e n d t h e number of 
a l i p h a t i c c a r b o n s and t h u s t o s t u d y t h e s y n t h e s e s and r e a r r a n g e m e n t s o f 
t D - a r y l a l k y l c a r b a n i o n s , such a s 4 - a r y l b u t y l a n i o n . 
hi 
The p o s s i b i l i t y of u s i n g a p o l y e t h e r l i k e Crown E t h e r a s a c h e ­
l a t i n g a g e n t t o a c t i v a t e and p romote t h e r e a r r a n g e m e n t of an o r g a n o a l k a l i 
compound i s a l s o an i n t e r e s t i n g t o p i c f o r s t u d y . 
S t u d y of t h e e x t e n t of p h e n y l m i g r a t i o n d u r i n g r e a c t i o n of n e o p h y l 
b romide w i t h l i t h i u m may be of i n t e r e s t f o r c o m p a r i s o n w i t h t h e p r e s e n t 
work upon n e o p h y l c h l o r i d e . The p h o t o c h e m i s t r y of n e o p h y l l i t h i u m i n t h e 
p r e s e n c e of p h o t o s e n s i t i z e r may a l s o be an i n t e r e s t i n g p r o b l e m . 
(47) C J . P e d e r s o n , J . Am. Chem. S o c , 92, 386 ( 1 9 7 0 ) ; C J . 
P e d e r s o n , i b i d . , 92 , 391 ( 1 9 7 0 ) ; C J . P e d e r s o n , i b i d . , 8 9 , 7017 ( 1 9 6 7 ) . 
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APPENDIX A 
INFRARED SPECTRA OF p-BIPHENYLYLETHYL AND JD-BIPHENYLYLETHYL-^ COMPOUNDS 
The i n f r a r e d s p e c t r a l d a t a of 2 - p - b i p h e n y l y l e t h a n o l , 2 - p - b i p h e n y l y l -
e t h a n o l - l j l - d g , l - c h l o r o - 2 - p _ - b i p h e n y l y l e t h a n e , and l - c h l o r o - 2 - p - b i p h e n y l y l -
e t h a n e - l , l - d 2 a r e l i s t e d i n T a b l e 2 0 . 
T a b l e 2 0 . I n f r a r e d S p e c t r a l Da ta 
Compound Bands i n (u.) and I n t e n s i t y i n P a r e n t h e s e s 
p--PhC^H^CHgCHgOH 2 . 7 7 ( m ) , 2 . 9 1 ( m ) , 3 - 2 5 ( m ) , 3 - 2 9 ( m ) , 3 - 3 0 ( s ) , 
3 - 4 l ( s ) , 3 - 4 2 ( s ) , 3 . 4 8 ( m ) , 4 . 4 3 ( w ) , 5 -14 , 5 . 1 7 , 
5 - 3 0 , 5 . 3 9 , 5 . 6 8 , 5 . 7 9 ( a l l w ) , 6 . 7 7 ( s ) , 6 . 8 2 , 6 . 9 9 , 
7 . 1 6 , 7 . 2 8 , 7 . 5 9 ( a l l w ) , 9 - 1 2 ( w ) , 9 ; 3 8 ( m ) , 9 - 6 l ( s ) , 
10 .0 (m) 
p -
-PhC^H^CHgCDgOH 2 . 7 8 ( m ) , 2 . 9 2 ( w ) , 3 . 2 6 , 3 - 2 9 ( a l l m) , 3 - 3 l ( s ) , 
3 - 3 4 ( w ) , 3 . 4 l ( m ) , 3 . 4 5 ( m ) , 3 - 5 4 ( w ) , 4 . 4 l ( w ) , 
4 . 5 5 ( m ) , 4 .77(m,C-D s t r e t c h i n g ) , 5 . 1 7 , 5 . 2 7 , 5 . 3 7 , 
5 . 6 6 ( a l l w ) , 6 . 7 5 ( s ) , 6 . 8 0 , 6 . 9 6 , 7 - l 4 , 7 - 6 9 ( a l l 
w ) , 9.OO, 9 . 1 2 , 9 - 3 M a l l m) , 9 - 9 ^ ( s ) , 1 0 . 0 , 1 0 . 4 
( a l l m) . 
p.--PhC 6H^CH 2CH 2Cl 3 . 2 3 , 3 . 2 5 , 3 . 2 8 , 3 . 3 2 , 3 - 3 7 ( a l l s ) , 3 . ^ 3 , 3 -48 
( a l l m) , 5 . 1 7 , 5 . 2 8 , 5 . 3 6 , 5 . 5 9 , 5 . 7 9 , 6 . 1 0 ( a l l 
w ) , 6 . 2 7 , 6 . 7 4 , 6 . 9 2 , 6 . 9 7 , 7 - 1 2 ( a l l s ) , 7 . 6 0 ( m ) , 
7 . 7 5 ( s ) , 8 . 0 4 ( m ) , 8 . 8 2 ( w ) , 9 . l 4 ( m ) , 9 - 3 1 , 9 - 8 8 , 
1 0 . 3 ( a l l m) , 1 1 . 2 ( s ) . 
2 -•PhC^H^CHgCDgCl 3 . 2 0 ( w ) , 3 . 2 3 , 3 . 2 6 , 3 - 2 7 ( a l l s ) , 3 . 4 0 , 3 . 4 3 , 3 . 4 9 
( a l l m) , 3 - 5 0 ( w ) , 4 . 4 8 ( w ) , 4 .64 (m, C-D s t r e t c h i n g ) , 
5 . 0 1 , 5 . l 6 ( a l l w ) , 5 . 2 8 ( m ) , 5 . 3 5 ( w ) , 5 . 5 9 ( m ) , 5 . 7 5 
( w ) , 6 . 0 5 ( w ) , 6 . 2 5 , 6 . 7 2 , 6 . 9 2 ( a l l s ) , 6 . 9 7 ( m ) , 
7 " . 1 0 ( s ) / 8 . 3 7 ( m ) , 9 - 0 2 ( s ) , 9.lk(m), 9 - 7 7 , 9 -87 ( a l l 
s ) , 1 0 . 2 ( m ) , l l . l ( w ) . 
Carbon t e t r a c h l o r i d e was u s e d a s s o l v e n t ; t h e a l c o h o l s a r e n o t 
v e r y s o l u b l e i n t h i s s o l v e n t . 
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APPENDIX B 
ANALYSIS OF LiAlD, 
The aluminum c o n t e n t of LiAlD^ ( s e e C h a p t e r I I ) u s e d f o r r e d u c t i o n s 
48 
was d e t e r m i n e d a c c o r d i n g t o a s t a n d a r d me thod . 
Two a l i q u o t s of L l A l D ^ / t e t r a h y d r o f u r a n s o l u t i o n were f i l t e r e d 
q u i c k l y t h r o u g h g l a s s wool i n a s m a l l Buchner f u n n e l c o v e r e d w i t h aluminum 
f o i l and t h e n h y d r o l y z e d w i t h w a t e r . The f i l t r a t e was d r i e d on a h o t p l a t e 
and t h e r e s i d u e was d i s s o l v e d i n a b o u t 1 N HCl. To t h i s s o l u t i o n was added 
one d r o p o f m e t h y l r e d s o l u t i o n and a 10 p e r c e n t e x c e s s o f 0 . 1 N e t h y l e n e -
d i a m i n e t e t r a c e t i c a c i d (EDTA) s o l u t i o n ; t h e r e s u l t i n g s o l u t i o n was n e u ­
t r a l i z e d t o y e l l o w w i t h a s o l u t i o n o f NH^OH c o n t a i n i n g 1 :1 r a t i o (by 
volume) of NH^OH and w a t e r . Then t h e s o l u t i o n was b o i l e d f o r two m i n u t e s , 
a l l o w e d t o c o o l t o room t e m p e r a t u r e , and t h e n 20 ml o f pH 4 b u f f e r (am­
monium a c e t a t e - a c e t i c a c i d ) was a d d e d . Enough e t h a n o l was added t o make 
f i n a l volume o f sample 40 p e r c e n t e t h a n o l . D i t h i z o n e i n d i c a t o r (2 ml) was 
added f o r e a c h 100 ml of s o l u t i o n ; a few ml of HOAc was added t o b r i n g t o 
a b l u e - g r e e n c o l o r . The r e s u l t i n g s o l u t i o n was t i t r a t e d w i t h Z n ( 0 A c ) 2 t o 
a p i n k c o l o r . The c o n t e n t of aluminum was c a l c u l a t e d by t h e f o l l o w i n g 
e q u a t i o n : 
Grams o f Al = (N, 
EDTA L lEDTA" N Z n ( 0 A c ) 2 X ml, ' Z n ( 0 A c ) 2 ) X 0 . 0 2 7 
(48) G. Schwarzenbach and H. F . F l a s c h k a , "Complexomet r ic T i t r a ­
t i o n s , " Methuen & Co. L t d . , New York, 1969 , p . 192 ( t r a n s l a t e d by H. M. 
N. H. I r v i n g ) . 
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APPENDIX C 
CALCULATION FOR THE PRODUCTS FROM POTASSIUM-t-BuOD REACTION 
As d i s c u s s e d i n C h a p t e r V (page 1 2 9 ) , t h e r e a c t i o n of l - c h l o r o - 2 -
p _ - b i p h e n y l y l e t h a n e w i t h p o t a s s i u m and t-BuOD g a v e , b e s i d e s o l e f i n , some 
39 p e r c e n t r e l a t i v e y i e l d o f p _ - b i p h e n y l y l e t h a n e c o n s i s t i n g of 1 5 . 9 p e r ­
c e n t dg , 4 9 . 8 p e r c e n t d^, 2 9 . 1 p e r c e n t d^, k.2 p e r c e n t d,_, and 1.0 p e r ­
c e n t d^ compounds. The d 2 compounds c o u l d be A r C ^ C D ^ E ^ , A r C D 2 C H 3 ( E 2 ) , 
o r ArCHDCH^E^) ( n e g l i g i b l e ) ; t h e d^ compounds c o u l d be ArCHgCD^A^ , 
ArCD 2 CH 2 D(A 2 ) , o r A r C H D C D ^ A ^ ) ; t h e d^ compounds c o u l d be ArCHDCD^B^), 
ArCD 2 CD 2 H(B 2 ) ; t h e d^ compound c o u l d be ArCDgCD^C); t h e d^ compound 
c o u l d be C 1 2 HgDCD 2 CD 3 (D) (see T a b l e 19 on page 1 3 0 ) . The p o s s i b l e s o u r c e s 
of t h e s e compounds a r e g i v e n on page 130 . 
I f one assumes t h a t t h e r e i s no r e d u c t i o n o f ArCH=CD2, no hyd rogen 
from s o l v e n t r e p l a c i n g d e u t e r i u m i n ArEt v i a e x c h a n g e , one can s e t up an 
e q u a t i o n : 
2E., + 2A, + A Q + B, 
1
 -
1
 ^ ^ = K = 5 .2 (1 ) E]_ + 2A 2 + 3 E 2 + B 2 + A 3 
where A^, A 2« . . e t c . a r e r e l a t i v e m o l e c u l a r abundances o f e a c h component 
l i s t e d i n T a b l e 19 and 5 .2 i s t h e o b s e r v e d r a t i o of cr-H's t o 3 - H ' s by nmr. 
For s i m p l i c i t y , one may assume t h a t A^ i s n e g l i g i b l e r e l a t i v e t o A^ and 
hence a l s o B 2 i s n e g l i g i b l e , t h u s , 
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E l + E 2 
A l + A 2 
B l = 
C = 
1 5 - 9 * 
29-1% 
k.2% 
(2 ) 
( 3 ) 
CO 
(5) 
I n t h e f o l l o w i n g r e a c t i o n s w i t h d e u t e r i u m and p r o t o n d o n o r s , SD and SH: 
ArCH 2CD 27 
ArCH 2 CD 3 
k E ArCH 2CD 2H 
ArCD 2CH 2T 
G 
"A^ ArCD^CH2D 
ArCD2CR"3 
t r u e w i t h i n e r r o r of s e c o n d a r y i s o t o p e e f f e c t s 
^ ( S D X F ) k A 2 ( S D ) ( G ) d ( A i ) ^ ( S D ) 
kg (SH)(F) = k ^ ( S H ) ( G ) = W^J = W^J = ^ ( S H ) = k 
i f (SD) / (SH) i s c o n s t a n t o r e f f e c t i v e l y so p e r d r o p o f a d d i t i o n . The 
above d i f f e r e n t i a l e q u a t i o n i s o f t h e t y p e 
dx . 
3— = k o r 
dy 
x = ky + c b u t 
1.38 
a t t = 0 , x and y = 0 • \ c = 0 , o r 
x = ky 
Hence 
( A 1 ) = k ( E 1 ) ( E x ) 
(Ag) = k ( E £ ) * * ( A 2 ) " ( E 2 ) 
( E x ) ( A x ) 
(Eg) = T A 7 T = a 
From e q u a t i o n s (2) and ( 3 ) , one f i n d s t h a t 
E l = ( ITS) X « . 9 A , - ( £ ) x 4 9 . 8 
E 2 = ( ^ ) x 1 5 . 9 A 2 - ( J L J ) x U9. 
S u b s t i t u t i n g t h e s e and (B^) i n t o e q u a t i o n ( l ) a b o v e , 
2 X 1 5 . 9 ( 3 ^ ) + 2 X U9.8 + 0 + 2 9 . 1 
1 5 . 9 ( 3 ^ ) + 3 X 1 5 . 9 ( i ) + 2 X 4 9 . 8 ( - ^ ) + 0 + 0 
5 .2 
one o b t a i n s a - 9*^7 
Thus , t h e maximum y i e l d - of r e a r r a n g e m e n t i s 
r r p f x 1 0 0 = 1 0 ^ x 1 0 0 • 9 ' 5 5 * 
I f , on t h e c o n t r a r y , one assumes t h a t ( l ) no r e a r r a n g e m e n t and no 
r e d u c t i o n o f s t y r e n e ; (2 ) t h e s e c o n d a r y i s o t o p e e f f e c t i s n e g l i g i b l e i n 
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t h e d e u t e r i u m exchange r e a c t i o n s ; (3) and B 1 a r e so s m a l l t h a t n e g ­
l i g i b l e r e v e r s a l back t o E^ and A^ o c c u r s ; t h i s would be t r u e i f p e r c e n t 
exchange i s s m a l l o r i f c o n c e n t r a t i o n of S-H i s s m a l l ; (k) t h e s e c o n d e x ­
change of D f o r H i n e t h y l b e n z e n e i s n e g l i g i b l y s m a l l , i . e . , t h e c o n c e n ­
t r a t i o n s of and C a r e n e g l i g i b l y s m a l l ( t h i s i s i n d e e d o b s e r v e d t o be 
t h e c a s e f o r C which i s o n l y k.2 p e r c e n t abundance and u n d o u b t e d l y B^ i s 
even s m a l l e r ) , t h e n f o r t h e f o l l o w i n g exchange r e a c t i o n s a s i m p l e r e l a t i o n ­
s h i p can be d e r i v e d . 
K 
1 k 
ArCH 0CD 0H . ArCHCD0H > ArCHDCD0H d. d k - d. bD cL 
E l A 3 
X 
ArCH 0CD 0 ArCHCD0 ^ > ArCHDCD„ 
"
E l 
A l B l 
^ = n e t r a t e = k ( E l ) ( B : ) H S B ) ^ \ ( S H ) 
1 - E x 
d ( B l ) . , A w _ x k(SD) 
— = V ( A 1 K B : ) k(SD)
 + T l (SH) 
"
E l 
d ( A 3 ) ( E 1 ) 
d ( A 3 ) ( E 1 ) Q - ( A 3 ) d ( A 3 ) d ( B 1 ) 
d T B ^ T = ( A 1 ) ° - ( B x ) ; ( E 1 ) Q - ( A 3 ) = ( A 1 ) Q ( B x ) 
- I n [ ( E 1 ) Q - ( A 3 ) ] = - l n [ ( A ^ - ( B 1 ) ] + C 
iko 
At t i m e ( t = 0 ) , when (E ) = (E ) and (A. ) = (A, ) 
1 1 Q 1 1 , 
C = - l n ( E ) + l n ( A ) 
- l n [ ( E j - ( A j ] = - l n [ ( A n ) - ( B . ) ] - l n ( E 1 ) + l n ( A n ) 
x
 o ^ x o x x o x o 
I n T i T r ^ - i A - y j = I n 
( E 1 ) Q ( A 1 ) o 
. ( E l ) ( E 1 ) Q - (A3) ( E X ) 
* * T \ T = (A^I - (B±) = T A ^ T = P 
The above e q u a t i o n shows t h a t ( E ^ ) / ( A ^ ) i s c o n s t a n t a t a l l t i m e s a s 
f a r as t h e i r l o s s v i a D-exchange i s c o n c e r n e d . T h i s e q u a t i o n s h o u l d h o l d 
( a ) i f t h e t o t a l exchange p e r i o d i s g r e a t e r t h a n t h e t o t a l f o r m a t i o n 
p e r i o d of E^ and A^, o r (b) i f f o r e a c h d r o p of ( 3 - a r y l e t h y l c h l o r i d e 
a d d e d , t h e exchange p e r i o d i s g r e a t e r t h a n t h e r e d u c t i o n p e r i o d o f h a l i d e 
w i t h i n t h e d r o p . 
From t h e same e q u a t i o n i t can be shown t h a t 
(A3) 
= 3 
Hence 
( E 1 ) _ ( A 3 ) 1 5 < 9 4 9 . 8 - (Al) 
T A ~ 7 = I B ^ T = I A ^ T = 2 9 a 
(A]_) = 3 7 . 4 and ( A 3 ) = ^ 9 . 8 - (A]_) = 1 2 . 4 
Ikl 
S u b s t i t u t i n g t h e s e d a t a a l l of which a r e d e r i v e d o n l y from mass s p e c t r u m 
i n t o e q u a t i o n ( l ) , 
2 X 1 5 . 9 + 2 X 3 7 . k + 1 2 . 4 + 2 9 . 1
 R p q 
I 5 . 9 + 0 + 0 + 0 + 1 2 . 4 " ^ " 5 5 
one o b t a i n s a v a l u e o f K of 5 .23 which i s i d e n t i c a l t o t h e v a l u e o b t a i n e d 
i n d e p e n d e n t l y from t h e nmr d a t a . 
The c o n c l u s i o n from b o t h c a l c u l a t i o n s i s , t h e r e f o r e , t h a t l i t t l e , 
i f any , 1 , 2 - r e a r r a n g e m e n t o f a r y l o c c u r s and a l s o t h a t l i t t l e , i f any , 
p - b i p h e n y l y l e t h a n e i s formed by r e d u c t i o n o f p - b i p h e n y l y l e t h e n e . 
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VITA 
Yao-Ming Cheng was b o r n O c t o b e r 1 2 , 1936 , i n Hs in -Chu , Ta iwan, 
R e p u b l i c of C h i n a . From 1936, he r e s i d e d i n Hs in -Chu , Ta iwan , and a t t e n d e d 
p r i m a r y and j u n i o r h i g h s c h o o l s u n t i l h i s g r a d u a t i o n from Taiwan P r o v i n c i a l 
H s i n Chu I n d u s t r i a l V o c a t i o n a l S c h o o l i n J u l y , 1953 i n c h e m i c a l e n g i n e e r i n g . 
He e n t e r e d Taiwan P r o v i n c i a l T a i p e i I n s t i t u t e o f T e c h n o l o g y ( F i v e - Y e a r 
D i v i s i o n ) i n September o f 1953 and g r a d u a t e d w i t h a B . S . E q u i v a l e n t i n 
Chemica l E n g i n e e r i n g i n J u l y o f 1958* I n Augus t of 1958 , he e n t e r e d t h e 
C h i n e s e Army and was t r a i n e d a s an o r d n a n c e o f f i c e r ; t h e n he was a s s i g n e d 
t o t h e C h i n e s e Mar ine Corps a s a Second L i e u t e n a n t , Arm and Ammunit ion 
O f f i c e r , u n t i l h i s r e l e a s e i n I 9 6 0 . From J u l y o f i 9 6 0 u n t i l Sep tember of 
1 9 6 3 , he worked w i t h t h e Union I n d u s t r i a l R e s e a r c h I n s t i t u t e o f t h e M i n i s ­
t r y o f Economic A f f a i r s of R e p u b l i c of Ch ina , Hs in -Chu , Ta iwan . He came 
t o t h e U n i t e d S t a t e s and e n t e r e d t h e g r a d u a t e s c h o o l o f t h e G e o r g i a I n s t i ­
t u t e o f T e c h n o l o g y i n Sep tember of 1 9 6 3 , c o m p l e t i n g r e q u i r e m e n t s f o r t h e 
d e g r e e M a s t e r of S c i e n c e i n C h e m i s t r y i n J a n u a r y , I 9 6 7 , and f o r t h e d e g r e e 
D o c t o r of P h i l o s o p h y i n c h e m i s t r y i n Sep tember 1 9 7 0 . From J u l y of 1966 
u n t i l J u n e o f 1967 , he worked a s g r a d u a t e r e s e a r c h a s s i s t a n t f o r t h e 
E n g i n e e r i n g E x p e r i m e n t S t a t i o n , G e o r g i a I n s t i t u t e o f T e c h n o l o g y . He i s a 
member o f t h e S o c i e t y o f t h e Sigma Xi and t h e Amer ican Chemica l S o c i e t y . 
On J u n e 2 7 , 1 9 6 5 , he m a r r i e d t h e fo rmer Susan Zue -Cha i Chen of 
H s i n - C h u , Ta iwan . They have two c h i l d r e n , Nancy and Howard. 
